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[#*¥gsl Wit 

MSI] 




/ (CH2) ' /V "ft v ; oh 

(m-CrfeitKtttl t>L<tt2, (ri+m) fll< 

3o^tt (p+q) tti-3 0tfe§) -eSfrSfta 
mmz&ttZftmft&fflk LT cor J: 5^#iPWSffl 
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[4#ffft*©fSffl] 

[ftl] 




<CH 2 )'f 



(rr-Cr*5j;t^tftl %>b<H:2, (n+m) fil~ 
30, &£Tf (p + q) I41~30-Cfe!5 > ^LT^ 

/P t° F*&^5 7 £ tiTV > 5 ft 

i fa«©£um 

[M*3S4] (p + q) 0-efc5B»*fll|E 
[«*3S5] (n+m) #1. 3~15Tfe51t*lI 

i ssa»iait*„ 

[It*3l6] (n+m) rtU. S-lOt'J)^ 
T (p + q) ^l~3-T?fc5ft*3SlfB«»«® 0 

ft&2, 4, 7, 9-r F7^f/V-5-f>'>'-4, 
7 - v> +-/i^ £, £ ft £ St 1 Eifecom^o 
[ft* 1 ! 8] Tir+i^ijv^- ;nfvy^i/K 

#^2, 5, 8, 1 l-fF7^f/V-6-Ffv/y- 

5, 8— ^-^e>$i^5ix5»#ails«coi(a^ 

[ft*>S9] (n+m) #1. 3~1 0t?*>!3 % *L 
T (p + q) dSl~3t?*>5ffl|*«7E«©m^. 

[1**3110] (n+m) ^1. 3~1 0T?&»9, ^ 
LT (p + q) ^i~3-t?fe5if*ll8fa«»|li?g% 0 

[f»*>511] (P + q) ^2T?fc5ft*If 9fE«CD 



[!t*>5l2] (p + q) ^2-t?s>5it*«i ota« 
[ft*gi 1 3 ] i^mitT hv* +/VT y ^= v A 



[ft*JSl 4] 7* h h*ffit, *ffi3g*Sr(S 

micsd^x, Rmmmib br-ns^: 

[ft 2] 




OH 



OH 



(m-e, rJSitft ttl L< f±2, (n+m) « 1 
-30^il^ (p + q) 111^3 01?*!), ^V>ir 

^UYmtL (n*5j:tfm) fci^nfcVyt^W 
[W*Ifl6] (n+m) #1. * 

lt (p + q) a* i-3-e&si»**i 4fs«co^rffi 0 
[fi*«ai 7] rtfi/y^;^fi/m^K 

^2, 4, 7, 9-7 1 h^^^-5-T ? v'V-4, 

[ft*«l 8] Tir^^^^-^^W^^r^K 

ft&2, 5, 8, H-fF^^f/V-e-FfV^- 
5 , 8 - v^-A^ b $ ft 6 1 6 fdfcCO* 

zkBHbx h7^f;vry^i?^o. i~3wt% 

7x7 —JiV^C^m 0 ~ 4 wt% ; ^J^Tir^W v> 
0-10, OOOppm, ^tfj&^^U? Yv^? 7S@t 

[ft 3] 
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(rr-Cr&itftftl t>L<}42, (n+m) 
30, iLX (p + q) (41~30, ^v-yHr^VY 

q) !4y>'^AfcL<i47''ny^TOic^*$ixT^ 
[0 0 0 1] 

(water— based system) XC$6\^X^k 
ffi^ ftffiT $ * 5 fc £> © T ir ^ ^ >-?iJ /V-T/V* 

5o t> 5 lo©^{c*JVNT, #3111111 {4*14© 7* hi/ 
[0 0 0 2] 

(waterborne) 4 S 9 ^ WmM, *3 4. 

0gkmm,^mc&^xmmxh% o ffiT£^ 

(DfetltSSb**5l- (translate) 

e>^v:5ttffi©#«H:, b^t/t^ffiifes^ mm 

L, »tt£#T^ffi!g;&£<6T£*3ffeW4, ffiv* 
ffiidtHSft (surface creation ra 

t e s) mmzn&ftimt&^x^m^Mm-eh&o 

*-©4 5*ftffl»4, n-9M?>*54 

tram* 9, hL<itmmm^<Dmm, mtttmm? 

9 t*T BUN t> t < f4-f y * i s> h TOJ ft^fro »lHl£ 
ffi3S73i4S*&tt&Jr (quant i ty) "Cfc^ SI 
K;fi&ffiT£*5#fflE^J©IB;&©%©;* LSr^-jt, 
*:© «fc 5 *«itteffl^T-Cfc^&^*.5o 
[0003] r;^/i'7i;-;H)L<ftr*3-/n 
h^>9-K doiU^^i^^v-K (EO) /^o 
tV^^-drv-K (PO) #a-a-#:©«t5^*0/-^- 

5„ *f{f,6ti!^. ^T/V^/V^/V*^/^^- h y ^A© 



[0004] 2, 4, 7, 9-rF7^f/v-5-fv' 
7 -v?^— /V$3 £tH:©.x hdrVW— h©4 5 

«*3itilb«i**ffi^ffiTIB<iDj&»^9>'^-e^fc 
^Ti-5o^s^u>r t^v% 0 fcuffce,, itiSWi«v^ 

[0 0 0 5] ft*, Jt^WKV^^Sftf'f-ST-fe^ 

t, SH^-B#©*a*, ^itm^fflj^-e 

©xe±©^SSr^*,iitf 0 3&?&©lffl£tt¥*ffcK3rc 
5. 

[0 0 0 6] if^ffSitrofffgte, 7t h VVXmm 
ft^*1-5„ SfnOlI* !>ot/h$l ^ XMSI^, 

£ttTV^„ mf)©it»cMt5 fc 5 1 o©S* 

fiV^jS£$ii, /■< F/V ( s p r a y - p u d 

dl e) f^ftfflt^ttiC^tcimS^fcSo &1?&P>7 

(microbubble) ©|K]#:f4^fe£r3l$2-f ^ 
Xh% 0 7* h l^* h©fettftliiP$*Sfcfe(c:ii* 

[0 0 0 7] fgt^SjWSffi^il, *t4»»ftffil-*5 
^X#mctM~?hZ>o Schwarty, J.«r* 
tt^J!:io{t5eftW*ffi3S*©fiSttJ ( J o u r a 

lof Coatings Technology) 

(i 9 9 2¥9J3) t^omxx\ 7k\imPr<Dmmm£i 
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fcszLiaMgflteft-ci^s. fttiftfttfttflEffitt, flan 

(retraction),^ 9 (crater) 
Mil © ffffiTprtt&l 5 „ 

[0008] «m/m o n«3»*w&ft/s%, BB^COtd 

WSffiS^iRfttt^C^t^i-S,, Wirth, W. ; 
Storp, S. ;Jacobsen, W. CD ^MfB 

x7is-ffl&<Dmv<DQm%mm-&**-xM (p 

estic. Sci. 33, 41 1-420 M) (19 

9 1) tv>5HS:K:*iv^-C, H*fflK^©Si«j*ffi§g 
* i J:fc:fiy$ $ ft 3 £ ft b ©B£fc©tl;*j fc © n © 
H^tfS&WSftfco ifte>©»2e#», E^oitifcift 

[o o o 9] i&mmmmmtsn. fusing 

Surfactants toFormulate 
VOC Compliant Waterbased 
lnksj (Medina, S. W. ;Sutovic 
h, M. N. Am. InkMaker, 72 (2) , 3 
2-3 81, 1 9 9 4) fcV^tfcfc^&^T&W^ftT 

WSffi^ (EST) Sft ffatbfc-fy^* (i 
nk systems at rest) CO^"-(C|Hi£i" 

5t^P)tvrv>5o L^U EST-ffilft ^fy^^f 

ffl $ ft 5 si » * mmmmm \as » 5 tttgco 

*TU S^fPJSiJf fc, &ft£tt^t3#ffi&«JcDtyj 

[0 0 10] Mftrhy^f/VT^-^A (TMA 
H) II J. R. Sheat sljoitfB. M. Sm i t 
hi^i <0MM^ntc TMicrolithograph 
y, Sciense and Technology] 

(Marcel Dekker, Inc.) 1998 
5 5 1-5 5 3H(-J;3i:, 7*h\/Pxh%Wte 

^fp-CfeSo #ffiffittffl(ft *ttTMAHj§fg(-^P$ 
ft, S#B^rp1*5J;I>^* 5^ (s c umm i n g) £ 
«'>£ift Sffi©i&ft£&&-f3, 
[0 0 11]«Wf5, 0 9 8, 4 7 8»» 

«ofcae>o'BllWls*lft*tf*K:% t^3< >9nmvs& 

i--r5fc*(-^2 5~4 Odynes/cmCD^JplC^Stl 
[0012] *B# fF|? 5 , 5 6 2, 7 2 6 H^lB« 



tt, 7k «)l?£ftfc§feftfcJ;t>*2o©#y^ h^^- 
m-rzAK tmmmmmjji±'(^9i?~y itoji-ss 

Stt^J £ UTS* © T "fe f - 1- >-?iJT/V =« -7W3 <£ tf^ft 
CjWa b^i/W- h^mH^-fS : *H#fF^3, 2 6 
8, 5 9 3-^K*W#d3J;t^L e e d s h<D I &EC P 
roduct Research and Devel 
opment 4, 2 3 71 (1 9 6 5) 11, fifigS; 

[0013] 

Ut 4] 



Ft 

H(OCH 2 CH 2 ) y O 



0(CH 2 CH 2 0) K H 



[0014] (,zzxR l &i.xtRj±mmm3~io% 

< f±3i^/w-e & t> , % LT x *3i tfy 3 ~ 6 0 

©^HSr^tr) T?*£ft5 3»Tir^W^!|T/V3-/V 

Kftinfcitt, z-/=f-/v- 1 -y^v- 3 -ir 
— /K 7, 1 0-^fvV-8-^3rlJ"7 f S<'V-7, 1 
0 — — /K 2, 4, 7, 9-f l7^f/V-5-f 
->-V-4, 7-v 5 ^--/P*5j;tK4, 7-^^-5- 
t ? ->'^-4, 7 -i/Jr— ;v<D^uyir^i/ KttflnfeSr 
^•tfo Sill-ii, ^i^-^vKttJn*&/i*3~2 0 

[o o 1 5] *a*ffF4, 117, 2 4 9^mmmn, 
mm*, 

[0016] 
lit 5] 



H 3 C ch 3 
! HO np 



CH 3 
OH 



[0 0 17] (rr-CR}4*H%L< t*T-^/P£-t? 
ifc>5) •CS^jxST'fef ky?ij^y a— /K03~3 o^e 
/nfyy^yK (eo) #Jn«bSrW^-f-5. rcor 

ttTt^5„ *SJ|tfF^5, 6 5 0, 5 4 3-^PJ!»#ft, 

[0 0 18] 
[ft 6] 
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H(OCH 2 CH 2 ) y O 0(CH 2 CH 2 0) x H 

[0 0 19] (r'rt?x*3j;05y (±MWt~<:fo<9 , 

5W-eaa(d«i-5o H*#fFJS2 6 3 6 9 5 4-^(4, 

a; 

[0 0 2 0] 
[ft 7] 



CH 3 



CH 3 



-R 



CH 2 




r 1 n 


H 3 C-CH 
1 




HC-CH 3 


0 L_ 
1 


m 


- 0 
i 



[0 0 2 1] (2r-^R(*fe 1~8 ©T/W^r/K -tUT 
m+ n !4 1 ~ 1 0 0 ro3g$7t?fo5) , O/ntVyt^ 
~> KfWH*% 5 o - ti <b <Dlki?<%) Si B F 3 co J; 5 

[0 0 2 2] 0*#fF2 6 2 1 6 6 2^"«, S 
[0 0 2 3] 
[ft 8] 



CH 3 



R1- 



-R2 



R3 R4 

[0 0 2 4] (rr-f?R 1 *5j;0«R 2 t4-CH3, -C 2 H 



-C 4 H 9 



R 3 *5j;tFR 4 il - (OCH 3 Hj O 



H, t L< ti-OH-CS)!), mfil~l OCDtt^rcab 

(PO) $S##£^^3«fllB«^fc»©JWt>L 
< iim#^fcfl££r*-f„ #W!¥4 - 7 1 8 9 4^# 



[0 0 2 5] 
[ft 9] 



CH, 



RI- 



CH, 



-R2 



R3 R4 
[0026] R^itfR'KMWf 

2 *5j;l^R 3 i4^:ttm- (OCH 2 H s ) n OHfeL<!4 
- (OC 3 H 6 ) „OH (ntil~10) , *fc{40H"C 
*>5) , <OT±^u>WJ^r—/^<D'p< bh Iocoeo 

[0 0 2 7] 0*WfFSf2 5 6 9 3 7 7 ^S^l- 
ft 3* 

[0 0 2 8] 
[ft 1 0 ] 



CH 3 



R6- 



CH 3 



-R3 



R5 R4 
[0029] (n r-eR 3 d3ii^R 6 fi^^-/K 

tVwfc L< Kt-f^/v ; ^ LTR 4 *5j;l>*R 5 i4- 
(OCH 2 H 4 ) m OH, - (OC 3 H 6 ) m OH (mfil 
~10CD»it S/til-OH) , tfSgsJPSftS, #BW 
9- 1 5 0 5 7 7^*!4, 3%ft*Sj: 

[0 0 3 0] 
[ftl 1] 



CH, 



CH 3 



R1- 



-R1 



r i - 

I * 




CH 2 


I 




HC-R3 


0 _ 

I 


m 


I 

. 0 

I 



[0 0 3 1 ] C^^R^i^/K ^zfvK r/tHf/v 
tKfi^ ; R 2 }fcMife L< tt^ ; ftitfn 

116 8*&#tt, 55 
[0 0 3 2] 
[ftl 2] 
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RI- 



CH* 



RI- 



CH, 



-R1 



0(A)xH 0(A),H 0(A) x H 

[0 0 3 3] C.ItR 1 \±&mW 1 — 8 (DT/V^r/K 

Ktlf}XO-2 5^)Itt'fo§) , CDft^T^ffi^ 
a^tlfcVU^SrHB^i-So #Hif¥6-2 7 9 0 8 1^- 

< fti^— /^TV^^i/— Y 0. 5~10wt%#s 7 

[0 0 3 4] 
Hfcl 3] 



R2 



R1- 



"0(A0} n H 



R3 



[0 0 3 5] (^^tR 1 [j;Ht>L<}j;-C (R 2 ) (R 
3 ) (O (AO) n H) ;R 2 te£tfR 3 immikl-8(D 
T/V^/VS. A^**2~3^T/V^rU^S^J:tKn 
l40-3 0t**)5) ~?mt}£il5&o #ii¥3-6 3 1 

If MWfc (fountain solution) 

^t%m^T%o lo©ffl|;fc^t, 3, 

-4 -;t^^-3, 5 -v?^— ?V<D^Vl/$r*r*/Y 

8 — 12 ^/v/^p fc? w K 1 — 2 ^VfaJP^tf 5 

[0 0 3 6] (EO) *3±tf:/n If U 

y^i/K (PO) co^Sr^tfTir^i/^iJ^— /v 

T, $C^£;ft/C^5tf5, 2, 4, 7, 
-5-^^-4, 7-^~/V&L< J* 2, 5, 8, 
1 1 -y- Yy 6 - Kf f% »'- 5, 8 —*JHr~ 

[0 0 3 7]*I#WI4, 3 7 4, 9 2 0 ^Kffl* 



Products and Chemicals, In 
c^BSttSSURFYNOL (S^iSS) 4 4 0, 
4 6 5*5j;tM 8 5t*fcof: 0 

[0 0 3 8] «W^4, 8 3 3, 0 6 7fMlfflf 

&&T1T± C 7-U>'MT/1'^— /V5 0-5 0 0 Opp 

[0 0 3 9] *H#fr1S5, 0 6 9, 9 9 6^»t 
TMAH, ;«7^», xh^yft7h7^f 

5, 7 5 6, 2 6 7^|Pf ^ lifV^^KcOg 
\X TMAH(Di5*EiTy^i?^, Eg a 
0 6 7WfffcB*$ttS©fcia— •CfcST-fef-U^JOT 
[0 0 4 0] *H#fFf?5, 9 2 2, 5 2 2#nftt 

[0 0 4 1] #HB¥ 10-319606 T 

/^*ytt*K*5it«HO-A-B-A-H«r^H-sy 

A*5±r5Btt*y^i^>'^vK* i t>L< i^y/n 

[0 0 4 2] 

[»MdS#*LJ:5i:^5ayi] ¥«fta»it0>rtf>#iF 
(c^o it 5 & & ^ 5 Jijgfc: % a^fr b1\ ?S4«**/Wb 

[0 0 4 3] 

[0 0 4 4] 
lit 14] 
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'OH 



[0045] (z.z-?ii$i.Tft\*, U< film— t? 

h*). lt>L<»42, (n+m) [41~30, -t LT 
(p + q) til~30tfc5) , »*icfci<5<»j£tl 

WWy*~-^*WtfctZ>o EO&£.TfPO%-mi, E 

[0 0 4 6] £bl£*%mtihZ>Tfr=t*i'fcT±3-l' 
Uliii, ±M<OT;P=i**ytt l T± 1 ?Uymi?*—fr<D : £ 

[0 0 4 7] r7K(^t>t<3<J ("water-bas 
e d" ) , rzKttj ("aqueous") L< it 
rzK'l4jffi#:j ("aqueous mediu m" ) 

< J4 9 5wt%<o*£#tri8«Et> L< ttiflfr^KKfr^E 

[0 0 4 8] T/Vadf-MbLfcTir^W^lJ-^-^CO 
5 dynes/cm,£9/h$V^W*ffiffi^, ft P>tJ ! f;;:§:;*;- 
m&ti&mferzMtXi-fmmjjmttL a n gmu i r 

1 9 8 6, 2, 4 2 8~4 3 2M(-fBa$tlT*D'P, 

[0 0 4 9] itve><DT/V3^^bT-tr^'W 
WyJr-Mt-&m*W.-&T '6 rtiat) *t«i^©¥ 

£ *b , gffi i: -3 < ^fet?SR^K){C % L < ft 
[0 0 5 0] *fct>i:-5<#IMWh -f^*, ^7tf7 



[0051] mfitz.wmm i mm^^%m,^wm-r 

Sie^ofcfeic, r ft £>©%©»*, Itefc'itfWSI 
3fod©teT\ &^m^ffia?£^S^-T?fc3#< ©/8j§t? 
ffiM£ft^5T&5„ r©£5*teffli*, «lt©Jfefi, 
SSIiw^ttft^i^^-T (k i e r) 5 ft, 

y^yy-, 3s£xfm*<Dmm^iz>mi$v£ 
[0052] /Ktty^ h vmmw&mx-<D^ki 
j3<Dtz.mm\mmxhz >0 

[0 0 5 3] 

PL. 
[0 0 5 4] 
[ft 1 5 ] 



OH 



II 



[0 0 5 5] rht (n+m) jSitJf (p + q) tt^lx 
^1^3 0©ttffl-e*)9 5 5o (n+m) ttl. 3- 

5 0 (p+q) ttl^l0*s»*b<, toijfSK 
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^(DT^vvWJir-^WdUZ, 4, 7, 9-x 
h7^f/^-5-fVy-4, l--sir—?v%> L< & 
2, 5, 8, n-rh7^f/v-6-KfV>-5, 
8 -^t^/i/^foSo 

[0 0 5 6] (oc 2 h 4 ) tf^^ami/y^ 

VKIfB^tt (n+m) CDm^^l/^^rv'K (EO) 

m±xh^o, zlx (oc 3 h 6 ) ^stuatoSH* ( P 

+ q) f^ntVyt^K (PO) *ffiT*>5„ E 

[0 0 5 7] 
litl 6] 




B 

[0 0 5 8] ZZXRlt, **t>L<»^^/VTfet). 

(n+m) |i2-6 0-efc9 ; * LT r *5 £t>* t 
j£WB\ a§J*tt«E^#ftT{c:2 > 4, 7, 9-fF7 
5, 8, 11-7 h7^f^"6- Kf>y-5, 8- 

BF 3 Sr^t? e &5V^ fijS*&B\ *«0ftft6«E©#fe 
£ft5 5 G - h 

[0 0 5 9] T^f-l^^iJ^^-^VT^^^r^u— t> £ 
^»tt£«ffl1-3o BF 3 ©ffiffift, ifc«W*fi<D:/n 
-To L*>U hU T/v^/VT * >\ #^ MJ ^ ^/V-T * 

& 0 ^nbttx mwm±mk¥ftucT±^u>wy 



SW*T2^/V(Z)7 P nb 0 lx^^^VKSr#JP$nf^# 

[0 0 6 0] T^U^Mi?*— /VEO/PO#iPftCD 

ft, *H#fFH 2, 250, 4 5 0 ; 2 , 106, 1 
8 0^£tf2, 1 6 3, 7 2 0-^K*B«^|Bi6Sn5 

WW14-1 8oK*Sr^^rt-5©jJSffji-C*) 

9, toH»^2, 4, 7, 9-7F^f/V- 
5-f ? > / ^-4, 2, 5, 8, 

ll-fb7^f^-6-Kf^^-5, 8— 

[0 0 6 1 ] t*©ttia^*7^i/mvKk 

i^Mft^f- a tt-cjR*jR^h:#ip 3 mmmm 

T?y, by ^f^T5y, hy^^TS 

^/V^ ^vPT * >i£<Z) J; 5 & h y T/V^r/VT S VJS, S 

[0062] -<Dftwx£\\btiz>£o^ &mk-rvv 

3iRT^^u>'^jT/v=i-/i^So||«te*^&K 

5o r^*yA«*»fts*tt, +#kh&v^4<d 

ttiP Zim-t 5 fc ft fcttffl $ ft 5 6 o 

[0 0 6 3] hyT/V^/VT5Vftfc«Efc«t5#lPSlS 
ft, (15psig; lbar) t>L<ttffi~*fecOfi 
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±W£ (3 0~3 0 Opsig ; 2~2 Obar) XMM^tl 

©&•»** 7"nt°l/^^r-> KfccDaSI-^T#ta 
It&D, Ufc^oT, KJ&i43 Opsig (2bar) £S 
X.5JE^-efft>*V5©^*L-V\ SiSt46 Opsig (4 

bar) x <o h±^mt>-^nt>ii^<DtmKis-a 
KJtet4»^©&$©jf#-t?iim£*t 5 ±%j±.xn 

S©£Stt»:, ««£gtt5„ »30 Opsig (2 0ba 

r) ^^Mm^^xK^mm-r^^tu, m 

b^it*^*5, 10 Opsig (6. 7bar) T^Jfe-TS 

©^WjS"C?*>So 

[0 0 6 4] b P T/V^r/VT 5 -yXftm^foZIX 

s. mn. itmmm^mmm&x, Bu&tumm&m 

i\ 4 0-15 CCroffifflwfiaiiSji-K-e&t), 0»c 

i45 0-~12 0°C, m^TMia-i 7 0~9 0° "CfeSo 
[0 0 6 5] :/P fc'U'V^-drv' F^Tir^V^Jv^— 

TffitU r&fr?>#kft5£/&fef4 2o©PO;£S£ 
cNrt"^ T-fe ^ WW?*— A"E O/ P 0#JP^t?& 

9, ^Aic^Tp&iufqft^mi^fcSo eo 

$3 i W P O © ^ T ir =f W — >V% L < 14 i? 

*—/ve omm\c&£ti?> t § , by ta-^t 5 

[0 0 6 6] *3S^©EO/PO#JD^*$«3g1-5fc» 

SiMfrK ^a'- ^->ay^Pvh^77^- (G 
PC) , iltti«ffl?nvh^7-f- (HPLC) , 

(NBR) s (ASTMD2 0 2 4- 

6 5) L< |±-f Vfn \f;VT/V=i-;vmm(D^.m'&K 



[0 0 6 7] /^*g?f£i 9»4&£ftSaSl-:)3^T, 

5„ /W^IS©^{4> BC 1 3 , A 1 C 1 3 , T i C 
1 4 , B F 3 , SnCl 4 , ZnC l 2 #£^tp 0 ffilft/k 
-r^^tt«i4BF 3 -efe5 0 BF 3 «iSJ?|Cj3^t, R 

Jfc©W«&ra©M©i^fM«ttfi£-e*>5o fc*fc&, 
13 fciS1-^5?i.ai4T-ter^U'>'^J^-/v©J^*Sr 

«?£L<i46 0°C*«, ^LTfMJSL<S5 0°C 

rum* $ ft s o sjsff^ h^h^ ibmmm^m 

XUI±, •ft£t>t>l 5~3 0 Opsig (1 0~2 Obar) 
\ct>fcZ>^btfXZ& 0 BF 3 ©iSfiH4©fc»(c, by 

bar S^^iffi*-e^»*sg*^#e>tv5„ 

[0 0 6 8] Tirf-W^iJ^y 3— /V*5it^j5t^©M 

tt, T;vdrP->-^^K^Jtl^6«jffiV^»ISK# (LE 
L) i; if* 5 £ 5 1-, S*©i 5 *^Fffitt^"e 

lcit)*tJ:<|Hl58$tv5o 

[0 0 6 9] /W it?' h y T/V=3r/VT 5 

-3VT0. 00 1~10wt%, If^KiiO. 0 1~5 
wt%, -?rLTftt>^f4 b< (40. 1 ~ lwt%T?ftffl^ti 

r Bj l-^C5 5©-C, #fc**©E038J:tJ«PO#«bP* 
[0 0 7 0] 7^yA(C^^tl/tEO/PO#J)nfe^ 

«IH<Mtii L.-cra^}rSJSfcjSJDSii», *fct4 
E O *3 i TJ? P O m&Wfr b fl 5 ¥-3£Afe L < 
tLTUD$^9 3„ 7'py?EO/PO#»©« 
(cfeV^T, EOjoiT^POtto-^ftTfetdSJxSo T/P 
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&mm&£Tf^i/? vn^^^m^mmm^an [0072] *ctt<j<, ^mh\,<\mmt^ 

5„ T/v^^MbT-fe^wy^lv 5 ^-— Mi, 2 3°C©zk Wt£M<DT/te*i/ikT±^u^mi?*—Mk'fr¥>)ftWi 
cf-CO. 5%6(TOlftt'3 5dynes/cm .fc fl/h^tt Jn£il5 0 £ 5 &*3&*}±, *'l4«fe 1 0 OmLi^ 

mmmmti, tebmzm±^mjjmz.£&ium/ o^o. ooi~io g> Kioto. oi~i g / 

S\ *r*^-©*a*U\ «ffiK*SrS!l^-r5^^?& lOOmU t o 1 U< (40 . 05-0. 5g/l 
ff^ftlt Langmui r 2, 4 2 8~4 3 2l (1 0 OmLTfc 9 5 5„ *i-t> t<5< 7* h W?* hSMMfl 

[0 0 7 1 ] *SPJ3<» 1 O^H^C^T, _h!E»S;<7) 0. 00 1-lg/lOOmL, JftKftO. 0 0 2- 

Ih^T^^'yWiT^v^WyJr-Mi^ %Wttc% o. 8/looii, ^Lt, tWSKSO. 005 
»*r*£3**v*©K:, 5 Pff*5J;'O t »fl9Sffi§S*SrffiT -o. 5 g /i o OnLtfes. Sfc^rSb**^ 

y^e?*- Ml, *ffiia«*K:»lt*4fcffllc«t-*. » [0 0 7 3] ^HWfciST/va ^f^tTtfi^^^ 

A (TMAH) ©±5***81, jRa»t*8\ * b< J±KffW#ltltM(£%f±, 

Ek&l t> L < i«#3£gM«8l Srltfro 3 0 ~ 8 0 wt% * J^tf : 

0-50 wt% ^ y 

0-80 wt% M-/ § t/±feM»/ffi»ffi» 

5-9 9. 9wt% *'l4/*^fctt/*)«tt^^>- 

o - 3 o wt% *) sfesnsi/s^j/fenasij/fam usj 

0 — 5 Owt% ^-g- (coalescing) &L< f*fl& <£>*$£ 

o. oi~iowt% ^m^im/&mm/mmmxxf^^tm 

0. 0 1~5wt% T-fe^L-^IJv 5 ^-— ;VEO/POli# 

tf^P$ft5 5ASlHJ&, *fct>fc<J< 



l~5 0wt% M» 

0-5 owt% Mpyd&m/mw^yy 

0-5 0wt% Mtyt£Ui?yf$&s<? t/vtp<D? u— MM 

5-99. 9 wt% *tt/*#ffctt/*)§tt 1/ V 

o-3 0wt% m-^mrn 

0 . 0 1 - 1 0wt% #ffiSttSI/SPSI 

o . o i - 1 owt% mmmm/mmm/^mmi 

0. 0 1 — 5wt% Tirf-^V^Jv^— ^EO/POf|2Sf* 

tfttttSttSSAatift, *K%fc<5<JBIffl»jMh [0 0 7 4] 

o . i - 5 o wt% &&ffl i)L< mm^mmi 

0. 0 1~10wt% #ffi)S'l4$J 

0~5wt% |£#f 

o - 2 o wt% mm/^mim/^mmm\/y?mmm/ 
mm im 

0~2 5wt% wmjoitM 

0. 0 1~5 0wt% T/V^MfcTir^W^Ji^t-zVEO/PO 
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mm* 

<d T/v * vfb ufcT ± v yir— /was fisan 

#c<Z)J&#£3 0-7 0wt%/k«fr^^ 

0. 0 5-3 0wt% 
1-2 5wt% 



[0 0 7 5] 



2-1 2COjK*JR J f : * ; t-f"5T/V3— /K ^y=* — 

0. 0 1-2 0wt% fcL<tt*0>* 

0. 0 l-5wt% T/W^^Mbr^^W^lJ^-ZWEO/PO 

[0 0 7 6] ^ISH^T/Wa^MfcT-fe^l^^J^*— 



0. l-3wt% 
0 — 4wt% 

10 — 10, 0 0 Oppm 



[0 0 7 7] *»Hoft**o*6fflj»iHi4, S«£!k 

(TMAH) C0*14^«^fc5 o - 

tt, 50— lOOOppm (Mr?) ^-co N 



ff7^ ^/VT ? 

^t~C&l/\ ^4 0 — 4 5 dynes/cm (7)^® 

(microcircuitry) <Z)J&Jgfc:fcfr Sf&iE 
[0 0 7 8] 

^<OSaSWK*3V^-C, 2, 4, 7, 9-7 1 b5^f^-4 
-T^v-V-4, 7 -vbf— /PCD 1 0^-/1^ h^r^W— h 
•CfeS S u r f y n o 1 (gfifcjg^) 4 6 5 <D 7 

[0079] 1000 mLt- h 9 V—^i^ Surfy 
nol (SftffiS) 4 6 5MStti (3 0 0 g, 0. 
4 5^e/V) *3irK^f-/V3if-/VT5 ^ (5 3. 7g, 
0. 7 3W) SrgA^H^o St&Btt, 3 

^PSf-Cl 0 Opsig (6. 7bar) *T?JPJEL, 1 2 0°C 
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ttlLfc, -fxi^UVir^^Y (18 3g, 3. 15 

mnt$tifc 0 m\\$mTm~f6t, R&^mti 20 

fc ; 6 8 gtf)^«as&*£tlfc 0 
[0 0 8 0] ThJy^^T^F ^~1fHK#/-f^ 
^imW£W& (MALD/I) ft, £/$4&*0>iSiA, 

^ y dr-T-jjs 3 «±cq p o^ffiSr^ 

[0 0 8 1 ] rttb^S*^, ifix^^f^Ki:© 
lit Kn^^WWSWt-St5^ 

[0 0 8 2] MiT/V^T^Wtl /ntVy^ 
##ffF£E2 6 3 6 9 5 4^^^S-5^T^^Sy^^ 

^o4o^ttfc2, 4,7, 9 -7 F7^f/V-5-r^- 
^-f D 2,4,7,9-7^7^^-5-/^-4, 



/I/© 3. 5^-/1^ h3r2/U'— MS, Ai r 
Products and Chemicals, In 
c. a*6ffiDI«IfcA#L#, Surfynol (Sfitffl 

4 4 OlF-ffiffi^Ji LT_trtf£;ftTl^ 0 
[0083] 1000 mL*— h 9 ^^li^TT* 
»UTW^fcSurf ynol (S»ffi«0 

4 4 o*ffifStt#J (4 o o g , l . o 5^e/v) £r»A£ 
tltCo RjtKStt, tt#£*t, ffi^£r^:y^£tU 30 

h y ^ fVl/T 5^(2. 7 g , M^RJt^<D 0 . 5 %) 

-C10 0psig(6. 7bar) * -CjPffi £ ft, 10 0°CC 

flm ^:i:^tvyfr>K(i2 2 g , 14 
7mL, 2. #\ i/V ^sK^iciU 1. 

0mL/^©a«-eSSJPSnfco «JP*5JHT^5t> K 
J5S#©rt**a:l 0 0°Ctl4. 5f^M, »at 0 

#[±j£ft, K£T (0. 2 5 t o r r) fc^ftfi (» 2 
3°C) T*l ettlHK a»*nh!>^f"/^T5>iWK^|ift 
5fe£ftfc 0 (NMR) 

[0 0 8 4] 2,4,7,9-7^7^^-5-7^ 

-4, A- (^JSM2, 4*5^1^5) coffico^ 

#fpgg 2 6 3 6 9 5 4 ^I't, T 5 VttT'n V V 

T^^2, 4, 7, 9-7f7^f/V-5-7>y- 
4, 7 -^/VE O/P Oi##:^i(7)fc^0ta 

[0 0 8 5] 



S1 





a ltd 


N M R fZeJ 














2 


1.3 


2.0 


1.5 


1.9 


3 


3.5 


2.0 


3.9 


1.8 


4 


5. t 


2.0 


5.9 


2.0 


5 


10.0 


2.0 


10.7 


2.0 



[0 0 8 6] HJS#| 6 — 21 

rftibCD^IJSW^ BF 3 «I^fli^, 2,4,7,9- 
7h7^f/V-5-7>y-4, 7-^/V (S 1 0 
4^5) *5±tf2, 5, 8, 1 l-7h7yf^-6- 
7^-5, /V (S 1 2 4 £1^5) COM®^ 



■tfiD^jfett, 2,4,7 ) 9-7h7^f^-5-7^ 
-4, 7-^/V (S10 4) 05^xfi/y^ 

i«oT7yA*I^^ 
[0087] 1000 mL^— h £ ^^li^T^ 
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mmLx^#)m%tstifz2, 4,7, 9-r^7^;v- 

5-t ? ^^-4, (3 13g, 1. l^e 

/K AirProducts and Chemica 
Is, Inc. ^t»Sur fynol S104 # 

J&Sl*. SUtTlOOpsig (6. 7bar) ^TiPffiS 

(1. 3 g ) vmmzn, 

tl€il9 1. 0 5mL/i»W6 8. 9 5mL/B| 

iw©jfiftT?ni*K:ssapsnfco xfum^K (is 

Og, 2 0 4mL,4. 0 8W) ^WYntVyt 
(12 8g, 155mL,2. 2 ^e/V) Outfit 
tt, *?$r—>V : EO:POtfSl : 5 : 2tfeo^ W)W 
#M*T^3£* 0. 7 g C0igiPC0BF 3 v ; ^^/^-^ 



Rfc£t^ALD/I^£*f£ft, 3fMo«iSi:-art- 

[0 0 8 8] 16 COmUcO^oS 7-22) #\ 

^T, RJ2 Ty^^Aj £lt!*U -*BS Vny 

[0 0 8 9] 2 2 0*#fFlR 306 

3 1 8 7^fcBB*£ft"Ci8?) (L/^U 0*#fF'18 

S8 2tt3,6-^f;V-4-A^>y-3, 6-^ 

[0 0 9 0] 
[^2] 



U2 









mt 


m 


NMRIZ< 




mmm 




R/B 




PQ=£}U 






6 


$104 


R 


5 


2 


6.5 


2.9 


7 


S104 


B 


5 


2 


5.5 


! 2. 2 


8 


SI 04 


R 


5 


10 


3.2 


! 11.5 


9 


S104 


B 


5 


10 


3.5 


11. 1 


1 0 


S104 


R 


15 


2 


16.2 


2,2 


1 1 


S104 


B 


15 


2 


14.4 


2. 1 


1 2 


S104 


R 


15 


10 


17.3 


8.6 


1 3 


S104 


B 


15 


10 


15.0 


9.7 


1 4 


S124 


R 


5 


2 


6.9 


3.2 


1 5 


S124 


B 


5 


2 


4.8 


2.2 


1 6 


S124 


R 


5 


10 


8.0 


7.6 


1 7 


S124 


B 


5 


10 


5. 1 


10.0 


1 8 


S124 


R 


15 


2 


16.3 


1.9 


1 9 


S124 


B 


15 


2 


14.9 


2. 1 


2 0 


S124 


R 


15 


10 


15.4 


9.3 E 


2 1 


5124 


B 


15 


10 


13.6 


8.1 












9. 6 


1.9 



[oo9i] ix<vmmw \-h^- < 

HO. (b/s) -2 0b/s©tMfit 

^xn^fitc 0 mmmtimfe<vm±n,m,!±jjmix La 

ngmuir, 2, 4 2 8~4 3 2l (1 9 8 6) (CIS 
mZtlX^Z, Ztlb<D7*-?\^ ¥ffi (0. lb/ 

s ) je< ^b^m^m^^mmMmm&iXfDm^x^ 
mmmm^^xp>mm*mm-Tz><, mm^i* 
x, nmmmu yy??? mi^n z mmmm. 



imm 2 5 

mmms^ti^—$'iiM±w^mt>m^m^x, mn 

2 2 (S8 2/10EO/2PO/B) 
KfcovvCWfetifc. ^<nmm% B*#ffFH3 0 6 3 

1 8 7*kii*3*i-c*5»), ^mmmmmmcmi 
g> ( b / s ) ~ 2 o b / s co^a^-eaijs $ hit, * 

[0 0 9 2] 
[«3] 
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S3 

BWgBjjJ] (dyne/cm) 2 



[0 0 9 3] Z.<D<?—#tt y 
*JEM 2 6 

2, 4, 7, 9-fF7^f/^5-f>y-4, 7- 



as 










(irttt 0. 1b/s 


lb/s 


6b/s 


15b/s 


20b/s 


0. 1 39. 1 


42.3 


46.5 


51.6 


53. 0 


1.0 34.4 


34.9 


35.5 


37.7 


33.5 











[0 0 9 4] 
K4] 



£4 



SlW^ffili* (dyne/cm) -£ft«5 



(wtK) 0. Ib/s Ib/s Bb/s 15b/s 20b/s 



0. 1 
0.5 



40.5 
32.4 



7^ 



42.0 
33. 6 



44.3 
35. 1 



47. 1 

36,6 



48. 1 
37. 2 



[0 0 9 5] 

ffl<D s r — #&. S8 2||ft (SS&0IJ2 2) COS. Ow 

t%^(D-?:*Li:Jt«i-Si:, *^P^coft^fefl2 0% 
5 n t tt^WSixftv^fci 5o 

Jt&fll 2 7-31 

2, 4, 7, 9-fF7^f/^5-f>^4, 7 — 
^t^/VOl. 3, 3. 5, 5. l*3±tfl O^/loib 

t^w- hom&fcimiim&ztitzo 1. 3, 3. 5 

*3«fctM 0^e/V^ h^r->l/— -^t^tU Surf 

ynol (Hftfgjfflf) 4 2 0,4 4 0*5<ttf4 6 5#S 
jStt^J t LT\ Air Products and C 
hemicals, Inc. ± 0 ±Tff£ tl/O^5 0 ^tt 

[0 0 9 6] pC 20 i& «S*5 0. lb/s^t^ 
tlStt, *tt^*Bi^*5 2. 1 dyne/cm, 1" 
ftfr*>*fck©*ftJ;9 2 0dyne/cm (Cf6T^^ 



[0 0 9 7] G§#«IR#fc L< 

^^3?^t-J:*)«:S§ixSo o. i*5j;tf 2 05aJS/ 

& (b/s) -e^is#*Bas*tt, ^(DMchi&^mm 

«^^5 5o ^n^^t^ ¥«Kifiv^fl= (0. lb 
/s) ^*^SW/^# (2 0b/s) ^T^ffi^fe 

^ x. 5 o Jfcftftffiv ^S3fcfr ttJtftteffiv ^*/i"¥-« 

[0 0 9 8] «*g» 0 . 1 wt%»*<D*8li£t>1*«: 
J&S, ASTM Dl 1 7 3-5 3CtW<M^ffl^ 
TWR^ttfco rcOft^dSV^T, #ffiffitt^JcDO. lwt 

[0 0 9 9] 
»5] 
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5 



mm 


P c 20 












0. 1b/s 


20b/s 


Ib/s 


6b/s 




















\ / 

HO-A /.OH 


3. 74 


0, 1 


32. 1 


40.3 


33. 1 


36.4 


2. 0 (3s) 


Surfynol1G4 


































3.84 


0. 18 


28. 8 


31. 7 


32.8 


34. 2 


0. 5 (3 s) 


Surfynol420 


































3. 90 


0. 29 


26.9 


29.3 


34.3 


36.2 


1.4 (9s) 


Surfynol440 


































3. 95 


0.40 


26.9 


29.8 


36. 1 


38.3 


1.3 (32s) 


Sjrfynol450 


































3, 79 


(0. 89) 


29.0 


32.7 


42. 5 


44. 8 


1.5(0. 6cm) 


Surfyno]465 
















KM0J32 


















3.43 


(2. 91) 


35. 7 


39.9 


51.5 


53.2 


1.5(0. 6cm) 


Surfyno!485 

















[0 10 0] MMMS 3 — 36 t£^£ft5o 
SffiSS^^^tK^X-^^, 2, 4, 7, 9-7^7 [0101] 
^^5-^^-4, 7-^tf-/M£fcfc<5<Sgtt [*6] 
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[ 0 1 0 2 ] m 6 (Of- 



H1I33 
1.3 EO/2 PO 



3. 5 EO/2 PO 
(») 



5. 1 EO/2 PO 



10 EO/2 PO 



3. 51 



4. 07 



13 



4. 05 



Sol 



0. 07 



0. 21 



0. 32 



(0. 78) 



0.1 b/s 20b/s 



31.6 



29.3 



27.3 



29.8 



40.6 



31.4 



29.9 



33.7 



1b/s 6b/ s 



33.4 



33.6 



35.3 



42.0 



40.6 



36.6 



37.6 



44 3 



1.6 (3s) 



1.D(10s) 



0. 3 C6s) 



2.1(1.3) 



ffi mo. 2WifiPbfc) feit^ lb/s^O. 1 
wt%»*fco^T©*ffi5B;fr<D*§* (*SJ 1 dyne/cmteT 



IIJfeM 3 7-52 

[0 10 3] 
[*7] 
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mi 



[0 10 4] 



mm 




CAG C 




r (0.1*3880 a 


ran XI /O TXJtW 


0-1 b/s 


20h/s 


1b/s 


6b/s 


104/5/2/R 

(3UM6) 


4. 16 


0. 1D 


23. 6 


31.2 


30.0 


37. 1 


1 . 1 (5s) 


mm\M 

104/5/2/B 


4. 15 


0.11 


27.9 


33.1 


33. 6 


38.4 


1.9(4s) 


1Q4/5/10/R 
CHWJ8) 


4.50 


0.04 


31.2 


35.0 


33 7 


39.9 


0.5(H) 


XMUO 

104/5/1 0/B 


4. 56 


0, OB 


31.0 


34.1 


37,2 


40.5 


0,5 (10s) 


««41 
1Q4/15/2/R 

(H»J10) 


4. 20 


0.07 


23.3 


30.7 


36 0 


43.8 


4.5(1. IcnO 


104/15/2B 
<JI»J11) 


5. 04 


0. 18 


27. 6 


31.7 


36. a 


42.9 


5. 3 (0. 5cm) 


HJfiflJ43 

104/1 5/1 0/R 
(JttflU) 


4. 42 


0. 05 


23. a 


30.9 


33.8 


44.5 


2. 8 (0. 7ora) 


104/1 5/1 0/B 


4. 35 


0, 09 


23.3 


34.4 


35.5 


45.6 


4. 0 (0. 4cm) 


HJSff45 
124/5/2/R 


4. 39 


0. 03 


26.5 


30.8 


28.2 


33.5 


2. 4 (0. 2cm) 


3SflG0j46 
1 24/5/2/B 
(HMJ15) 


4. 42 


0. 04 


26.9 


29.7 


23.5 


32.5 


3. 0 {0. 3cm) 


HJfefcJ47 
124/5/1 0/R 
(»ti16) 


4. 57 


0.02 


30,3 


36.7 


31.8 


40.8 


1.8(0. 3cm) 


124/5/1 0/B 

<M6«17) 


4. 58 


0. 02 


31.3 


36. 2 


33.4 


40.3 


1.4(12s) 


Jt«ffl4* 
124/15/2/R 


4. 36 


0. 06 


27.9 


32. 2 


30.5 


40.8 


2. 6(1. 3cm) 


ISMJ50 
124/15/2/B 


4. 16 


0. 02 


27.9 


35.6 


31.1 


42.5 


2. 5(1, 2cm) 


124/15/10/R 


4. 5& 


0, 06 


29.1 


32.3 


32.6 


43.2 


2. 0(1, 0cm) 








GAG* 








0.1 b/s 


20b/s 


1b/s 


8b/s 


CO£T-0>t) 


CMM&O 
















HJSH8I52 
124/1 5/1 0/B 


4, 55 


0. 05 


28. 0 


33.3 


33.7 


41.4 


4. 8 (1.0cm) 



• dyne/cm. 

b Ross-Mi les£[?& : on (»S 0 L < ft 5 #&<&cm) 



[0 10 5] ZtlbVy*-*^ ^.flb(D^m^\m^ 
4 0) tL<im»V^fg (*lt«4 1»±IK4 

feco^SfcD^^tt, 20b/s -C©Rl#*ffi«*«!: 

«rtto»*^*>*Ht, &fk >r^, mmm, mm 

15 3 



2, 4, 7, 9-TF7^f;V-5-7^^4, 7 - 
0. 9 doit) 5 1. A^^n^uiyir^yVmm^U 

fco 

[0 10 6] ^ffiSg^fci^j&x-^^, _t3*<£>J;5 
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fc, 2, 4, 7, 9-rh7^f;^5-7^4, 



[0 10 7] 



ma 





r (0. iHt%5§^) * 


RMSUfe b 
(O£T'0H) 


0. 1b/« 


tb/s 


6b/s 


15b/s 


20b/s 


0 


35, 1 


36.2 


381 


42.0 


44 4 


1,6(0. 7cm) 


0.4 


34.8 


35.8 


37.9 


42.0 


44.4 


1.4 CO. 3cm) 


0.9 


34.9 


35.9 


38,2 


42.7 


45.3 


1.4 (27s) 


1.4 


34.6 


35.9 


38.3 


42.0 


44 5 


1.2(21s) 


2.0 


34.0 


35.3 


37.6 


41.5 


43.3 


0.6 (6s) 



■ dyne/an. 



[0 10 8]S8©7^tts ^#^^2, 4, 
7, 9-fF7^f/v-5-7^-4, 7-*J3r~;v 
<d 5 . l ^e/v^ <z>*ffi3f Steffi t:: 15 1 h if 

5o 

*JSM 5 4 

(a) /^y^I^^V^r^fc K«I 
tS&WT^yh*/^ (DNQ) (SPR5 
1 OA, Shipley) tfSjK3t#^ffi*t-fi£oTlgJ* 

3 6 5nm i -Jft) fr*i>fc-TSU VifcltfcS £ 

dynes/cm klfiTS*5fc»lC+»ftP05|dBr-fef : 

0. 2 6 2 MyjcKft'T h7^f^7^^^A (TMA 
H) ©/^V^tatJtlf: (6 0#) o ov^-c, ^ 
/NCOft^ 0>S55H*, Filmetrics F20 MR 
SJSv'^fA (San Diego, CA) SrMV^TIR 



4 (a) fc^SttSo 
[0 10 9] (b) Plflti^ 7* h^htt, Sii^ 

*ttfi*§£a^ft§ oJ^3i§^^/V^- (Wi lmingt 
o n , MAC0O pto-Line Associates 

*fi$)5 4 (b) ti^£tl5 0 rtifeCDx— *f*. *g 

[Olio] (c) fe5 lo©iaf3)|»K:A^U557* 

M/^f (OCG 825 20 cS, Ol in C 
o r p o r a t i o n) #\ flfffft 1 Mm"(?4^yf© 

9, 0. 13 1M©TMAHtH[:fffl^f: 0 S9 
©HJte^j5 4 (c) HHJfeCT4tO#JPfec0 0. 0 0 6 2 
5wt% (6 2. 5ppm) Sr^fpO. 13 1MOTMAH 

[0 111] 
»10] 



-18- 



=£9 



[0112] mmms 

0. 2 6 2MCDTMAHfSJSt*3ttSi 



i HJM54 (a) 


HS60IJ54 (b) 


£ffiffl54 fc) 


m-B- 
(raJ/cnr^ ) 








(mJ/cm 2 ) 




19. 42 


0. 98 


2. 66 


0. 998 


0.81 


0. 992 


24. 28 


0. 96 


2. 81 


0. 997 


0. 86 


0. 993 


30. 35 


0. 83 


3. 26 


0. 996 


0. 99 


0. 990 


38. 85 


0. 61 


9. 99 


0. 994 


3. 05 


0. 983 


48. 56 


0, 40 


1 1. 92 


0. 994 


3. 64 


0. 979 


60. 70 


0,20 


17. 47 


0. 988 


5. 34 


0. 962 


95. 91 


0. 00 


25. 39 


0. 972 


7. 75 


0. 933 


1 21 . 40 


0,00 


36. 26 


0. 707 


11, 1 


0. 854 


! 152.96 


0.00 


52. 92 


0. 204 


16.2 


0. 697 


191.81 


0.00 


I 66. 39 


0. 096 


20.3 


0. 561 


242, 80 


0,00 


92.44 


0. 001 


28.2 


0. 345 


304. 71 


0.00 


117.9 


0.000 


36.0 


0.196 






152. 33 


0.000 


46.7 


0. 025 






196.71 | 


0.000 


60. 1 


0. 000 






221.8 


— °'l§fe;M 


4 afik&m 





5H^5. l^e/VEO^J:t/2. 0^/vpo£r^rf6 



i^E03. 5. 5. 1 *3it^l 0 ^/VSr^T LTl^fco 
[0 113] 

[in] 





mat. (ppm) 


SM3f* 

(dyne/cm) 




150 


41.9 


SJS0S3Q (E0 5.1^U> 


150 


42.7 


CEO iQ^rtO 


500 


41.3 


*JSffl4 (5.1 EO.2.0 P0) 


125 


41.9 



[01 14] HJfefiJ 5 6 
^fSfWi, #ffif£'l4ffl fc LTHJfcfll 4 OE O/P Oft 

i t^HiM 3 1 © e o mm , * e> #fBStt 

IU 5 OmL/^tl 0 OmL^m^M^Ltc^tZo 



^Lfc£ Steffi $ftfcmflRaffe«£lsfcvvr, -t^rco 

&m&Jj%4 1~4 3dyne/cm(tf£T$-e-5cO 
fc+#ft#ffij£f4£!lfc fc 2. 4wt%TMAH 

[0115] 
»12] 



-19- 



^1 1 



9M99L CnL) 


mm 

(min) 




Zibets' !h> i 


3:2 a 


MF- 
702 b 


MF- 
31 9 b 


1 UFvJ 


1 /lit 


i n c 


o 


0. 0 


0. 0 


0. 0 


0.0 


0. 0 


0. 0 


0. 0 


0. 0 


1 


7. 8 


7. 5 


15. 6 


39. 5 


51. 1 


20, 5 


15. 4 


20, 2 


2 


7. 2 


7. 5 


17. 2 


72. 6 


91. 4 


21. 1 


16, 2 


20. 5 


3 


7. 1 


7. 5 


24. 2 


107.4 


135. 3 


22. 6 


16. 7 


21.4 


l - 4 


7. 2 


7. 5 


22. 9 


156.4 


176. 8 


21. 7 


16. 9 


21. 1 


5 


7.2 


7.5 


22. 3 


172.8 


237. 8 


22.3 


16. 5 


21.4 


6 


7.3 


7 T 5 


22.0 


236. 2 


275. 1 


22. 6 


16. 9 


22.3 


7 


7.1 


7.5 


25.8 


287.0 


321. 3 


22. 6 


16. 9 


21. 7 


a 


7.1 


7.5 


25.8 


307.6 


372. 6 


22.0 


17.4 


22,0 


9 


7,1 


7,5 


25.5 


326.9 


416.7 


22.9 


17.2 


22,0 


1 0 


7.5 


7.5 


26.2 


301 3 


460. 6 


22.6 


17.4 


22,3 


1 1 


7.7 


7.5 


26.5 


340.2 


502.0 


22.3 


17.6 


22. 6 


1 2 


7.9 


7.5 


26.9 


404.8 


544.9 


22.0 


17.4 


22.3 


1 3 


7.8 


7. 5 


26.9 


438.6 


594.7 


22.6 


17.6 


22.6 


1 4 


7.9 


7.5 


26.9 


488.6 


647.5 


22.0 


.7.6 


22. 3 


1 5 


7.8 


7.5 


27.3 


514.9 


681.1 


22.3 


18.1 


22. 6 | 



' Commercial developer solution from 01 in (now Arch Chemical) 

* Commercial developer marketed under M i cropos i st (R) trademark by Shipley 

° Commercial surfactant marketed under Pluronie(R) trademark by BASF 



[0 116] ±j$COT f — #tt. SP]4©EO/PO# 

& 3 v ^%m*o < n fc bfc £ t «r^i- 0 mmm 3 1 
ummm 4 <n e o / p o mm £^1- s m^m <d% ti 

(Cjftv^ Ml OcOx— ^fiW&WtC^ft'P^fr^EO 

/po#^lp%#ffi?§w^ffi^^^o^^TE^*-r5^6 



9!l5 7 

mtztctbicfttintcc rttbropj^ttRo s s -m i 

les mZm^XftZil, 0. 2 6 2N«TMAH^S 

[0 117] 
[S13] 



«1 2 



[0 118] *i 2©±3zAaSl&MM 



HSE0IJ29-3. 5 EOttflufe 



§HSE»0-5. 1 E0#ja^ 



Sit Cpph) 



150 



150 



125 



1. 7cm (15s) 



2. 7cm (27s) 



[0 1 19] B-TSt, ^fc±aWft&#©W3r©T 



[0120] *mmzm* is tizxmffimmti*tiit 
sft-TSo Lfc#ot % ^ne.ii, -r^*. 



-20- 



r^y*^*H, ^^;w<-r 18104, 

* h y - h 2325 



-21- 



r^y*-^*H, ^>-vvw<~t 18O62, 

7320 



1 . Title of the Invention 

Acetylenic Diol Ethylene Oxide/Propylene Oxide Adducts 
and their Use in Photoresist Developers 

2 . Claims 
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1. An aqueous photoresist developer composition containing as a surfactant an 
acetylenic dial ethylene oxide/propylene oxide adduct represented by the general 
structure: 



where rand fare 1 or 2, {n + m) is 1 to 30 and (p + q) is 1 to 30, and the ethylene oxide 
units {n and m) and the propylene oxide units {p ancf q) are distributed in either block or 
random order 

2. The composition of Ciaim 1 in which the ethylene oxide and propylene oxide 
units of the acetylenic diol ethylene oxide/propylene oxide adduct are randomly 
distributed. 

3. The composition of Claim 1 in which the ethylene oxide and propylene oxide 
units of the acetylenic diol ethylene oxide/propylene oxide adduct comprise blocks of 
each moiety. 

4. The composition of Claim 1 in which (p + q) is 1 to 10. 

5. The composition of Claim 1 in which (n + m) is 1.3 to 15. 
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6. The composition of Claim 1 in which (n + m) is 1 ,3 to 10 and (p + o) rs 1 to 3. 

7. The composition of Claim 1 in which the acetylenic did moiety of the 
acetylenic diol ethylene oxide/propylene oxide adduct is derived from 
2 r 4,7^-tetram©thyl-5-deoynB-4,r-dtol. 

8. The composition of Claim 1 in which the acetyienic diol moiety of the 
acetylenic diol ethylene oxide/propylene oxide adduct is derived from 

2,5,8,1 l-tetramethyi-e-dodecyne-o\8-diol. 

9. The composition of Claim 7 in which (n + m) is 1.3 to 10 and (p q) is 1 to 3, 

10. The composition of Claim 8 in which {n + m) Is 1.3 to 10 ana (p * q) Is 1 to 3, 

1 1 . The composition of Claim 9 in which (p + q) is 2. 

12. The composition of Claim 10 in which {p + q) is 2, 

13. The composition of Claim 1 containing tetramethylammonium hydroxide, 

14. In a process for developing a photoresist after exposure to radiation by 
applying to the photoresist surface a developer solution containing a surface tension 
towering amount of a surfactant, the improvement which comprises using as the 
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surfactant an acetylenic dbl ethylene oxide/propylene oxide adduct having a molecular 
structure represented by the general formula: 



where r and f are 1 or 2, (n + m) is 1 to 30 and (P + q) is 1 to 30, the units of ethylene 
oxide (n and m) and propylene oxide (p and q) being distributed in either random or 
block order, 

15. The process of Claim 14 in which the developer solution contains 
teframethylammontum hydroxide, 

10, The process of Cfairr 14 in which {n + m)is 1,3 to 10 and (p + q) is 1 to 3. 

17. The process of Claim 16 in which the acetylenic diol moiety of the acetylenic 
dial ethylene oxide/propylene oxide adduct is derived from 2A7,9-tetramethyl-5-decyne- 

4,7-diol. 

18, The process of Claim 16 in which the acetylenic diol moiety of the acetylenic 
diol ethylene oxide/propylene oxide adduct is derived from 2,5,8,1 Hetramethyl-B- 
dodecyne-S^-dio!. 
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19. The process of Claim 16 in whfch the developer solution contains 
tetramethylammonium hydroxide. 



20. An aqueous electronics cleaning composition comprising in water the 
following components 

0,1 to 3 wt% tetramethylammonium hydroxide, 
0 to 4 wt% phenolic compound; and 

10 to 10,000 ppm acetylenrc diol ethylene cxirje/propyiene oxide adduct, 
the acetylenic dio! ethylene oxide/propytene oxide adduct having a molecular structure 
represented by the general formula: 



Where r and t are 1 or 2, (n + m) is 1 to 30 and (p + q) is 1 to 30, the units of ethylene 
oxide {n and m) and propylene oxide (p $nd q) being distributed in either random or 
block order. 
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3 . Detailed Description of the Invention 



BACKGROUND OF THE INVENTION 

The invention relates to acetylenic diot alkylene oxide adducts r their manufacture 
and their use to reduce the surface tension in water-based systems. In another aspect it 
relates to the use of such adducts as a wetting agent In aqueous photoresist developers, 

The ability to reduce the surface tension of water Is Of great importance in 
waterborne coatings, inks, adhesives, and agricultural formulations because decreased 
surface tension translates to enhanced substrate wetting in actual formulations. Surface 
tension reduction in water-based systems is generally achieved through the addition of 
surfactants. Performance attributes resulting from the addition of surfactants include 
enhanced surface coverage, fewer defects, and more uniform distribution. Equilibrium 
surface tension performance is important when the system is at rest. However, the 
ability to reduce surface tension under dynamic conditions is of great importance in 
applications where high surface creation rates are utilized, Such applications include 
spraying, roiling and brushing of coatings or spraying of agricultural formulations, or 
high-speed cjravure or ink-jet printing, Dynamic surface tension is a fundamental 
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quantity which provides a measure of the ability of a surfactant to reduce surface tension 
and provide wetting under such high-speed application conditions. 

Traditional nonionic surfactants such as atkylphenol or alcohol ethoxylates, and 
ethylene oxide {EO)/propylene oxide (PO) copolymers have excellent equilibrium 
surface tension performance but are generally characterized as having poor dynamic 
surface tension reduction. In contrast, certain anionic surfactants such as sodium dialky! 
sulfasucdnates can provide good dynamic results, but these are very foamy and impart 
water sensitivity to the finished coating 

Surfactants based on acetylenic glycols such as 2 1 4 f 7,9-tetramethyt-5-decyne- 
4,7-dlol and its ethoxylates are known for their good balance of equilibrium and dynamic 
surface-tension-reducing capabilities with few of the negative features of traditional 
nonionic and anionic surfactants. 

For many applications it would be desirable to produce acetylenic diol derivatives 
which have alternative properties. For example, in applications in which excellent 
dynamic performance is required, it is often desirable to have a surfactant which has 
higher critical aggregation concentration (solubility limit or critical micelle concentration) 
because higher bulk surfactant concentrations lead to a higher diffusive flux of surfactant 
to newly created surface, and consequently lower dynamic surface tension. 
Traditionally, acetylenic diol surfactants with higher water solubility have been obtained 
by reaction of the parent with ethylene oxide; greater degrees of ethoxylation provide 
greater water solubility, Unfortunately, increasing the level of ethoxylation also 
introduces a tendency to foam, introducing inefficiencies during formulation, defects 
during application, and process issues in other applications, The problem of foaming is 
particularly troublesome in photoresist developers used in semiconductor fabrication. 
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The demands of semiconductor manufacture have required the use of high 
performance surfactants and wetting agents in photoresist developer formulations. As 
line features shrink to smaller sizes and photoresist substrate materials become more 
aliphatic in nature (i.e. having lower surface energy), aqueous developer solutions are 
being formulated with surface tension reducing agents. Another requirement for these 
developers is that they have a low tendency to foam. This is accentuated by the 
movement toward larger wafer sizes. Low foam formation is particularly important when 
using spray-puddle techniques because mlcrobubble entralnment during spreading of 
the solution over the photoresist surface can lead to defects. Surfactants that have been 
used in the past to increase wetting of the photoresist typicaiiy lead to higher foam 
formation. For the most part the industry has focused on the effect of surfactant on 
photoresist performance, such ae contrast, critical dimension, and feature sharpness. 
Although the cleaning ability of underlying substrates is enhanced by typical surfactants, 
foam formation still remains a problem. 

Low dynamic surface tension is of great importance in the application of 
waterborne coatings. In an article, Schwartz:, J. n Tne Importance of Low Dynamic 
Surface Tension in Waterborne Coatings", Journal of Coatings Technology, September 
1992, there is a discussion of surface tension properties in waterborne coatings and a 
discussion of dynamic surface tension in such coatings. Equilibrium and dynamic 
surface tension were evaluated for several surface-active agents. It is pointed out that 
low dynamic surface tension is an important factor in achieving superior film formation in 
waterborne coatrngs. Dynamic coating application methods require surfactants with low 
dynamic surface tensions In order to prevent defects such as retraction, craters, and 
foam . 
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Efficient application of agricultural products is also highly dependent on the 
dynamic surface tension properties of the formulation. In an article, Wirth, W.; Storp, S.; 
Jacobsen, W. "Mechanisms Controlling Leaf R&tention of Agricultural Spray Solutions" 
Pestic. Sci. 1991, 33, 411-420, the relationship between the dynamic surface tension of 
agricultural formulations and the ability of these formulations to be retained on a leaf was 
studied. These workers observed a good correlation between retention values and 
dynamic surface tension, with more effective retention of formulations exhibiting low 
dynamic surface tension, 

Low dynamic surface tension is also important in high-speed printing as 
discussed in the article tt U$ing Surfactants to Formulate VOC Compliant Waterbasod 
Inks", Medina, S. W.: Sutovicn. M, N. Am. Ink Maker 1994, 72 (2), 32-38. In this article, 
it is stated that equilibrium surface tensions (ESTs) are pertinent on(y to ink systems at 
rest EST values, however, are no! good indicators of performance in the dynamic r high 
speed printing environment under which the ink is used. Dynamic surface tension is a 
more appropriate property. This dynamic measurement is an indicator of the ability of 
the surfactant to migrate to a newly created inkysubstrate interface to provide wetting 
during high-speed printing, 

Teiramethyiammonium hydroxide (TMAH) is the chemical of choice in aqueous 
alkaline solutions tor developing photoresists according to Microlithogrophy, Science and 
Technology, edited by J. R. Sheats and B. W. Smith, Marcel Dekker, Inc., 1996, pp 551- 
553. Surfactants are added to the aquecus TMAH solutions to reduce development time 
and scumming and to improve surface wetting. 

US 5,098,478 discloses water-based ink compositions comprising water, a 
pigment, a nonionic surfactant and a solubriizing agent for the nonicnic surfactant. 
Dynamic surface tension in ink compositions for publication gravure printing must be 
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reduced to a level of about 25 to 40 dynes/cm to assure that printability problems wilt not 
be encountered. 

US 5,562,762 discloses an aqueous jet ink of water, dissolved dyes and a tertiary 
amine having two polyethoxylate substituents and that low dynamic surface tension is 
important in ink jet printing. 

In applications which require good dynamic performance and low foaming, 
acetylenic glycol-based surfactants have become industry standards. The following 
patents and articles describe various acetylenic alcohols and their ethoxylates as 
surface-active agents: 

US 3,268,593 and Leeds, et al, I&EC Product Research and Development 1965, 
4 } 237, disclose ethylene oxide adducts of tertiary acetylenic alcohols represented by the 
structural formula 



wherein and R A are alkyl radicals having from 3-10 carbon atoms and R 2 and R 3 are 
methyl or ethyl and x and y have a sum in the range of 3 to 60, inclusive. Specific 
ethylene oxide adducts include the ethylene oxide adducts of 3-methyM-nonyn-3-ol, 
7,1O-dimethyi-8-hexadecyne-7J0-diol; 2A7 T 9-tetramethyl~5-decyne-4,7-diol and 4,7- 
dimethyl-5-decyne-4,7-dioL Preferably the ethylene oxide adducts range from 3 to 20 
units. Also disclosed is a process for the manufacture of materials of ttils type using 
trialkytamine catalysts. 

US 4,117,249 discloses 3 to 30 mole ethylene oxide (EO) adducts of acetylenic 
glycols represented by the structural formula 




H(OCH 2 CHj) y O 



0(CH ? CH 2 O) x H 
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I HO 01 



CH 3 
' CH 2 R 
OH 



wherein R is hydrogen or an aikenyl radical The acetylenic glycols are acknowledged 
as having utility as surface-active agents, drspersants, antifoaming nonionic agents, and 
viscosity stabilizers. 

US 6,650,543 discloses ethoxylated acetylenic glycols of the form 



H 3 C 

H(OCH 2 CH 2 ) y O 



-CH 3 

0(CH 2 CH 2 0) x H 



Where x and y are integers and the cum is from 2-50. These surfactants are notable 
because they impart an ability to formulate coating and ink compositions capable of 
high-speed application. 

JP 2636954 B2 discloses propylene oxide adducts of formula 



CH 3 



CH 3 



I 



H 3 C-CH 

? J 

H 



m 



0 
I 

I 

HC-CH 3 
I 

H 



where R - C1-S aJkyl; m+n = integer 1 to 100. These compounds are prepared by 
reacting acelylenic glycols and propylene oxide In the presence of Lewis acid catalysts 
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such as BF 3 . It is stated that amine catalysts are inactive for the addition of propylene 
oxide to acetylenic diols. The propylene oxide adduets are said to be useful as 
wettability improvers for antirust oil, antifoamers, spreaders for pesticides, and wetting 
agents for adheslves. They- are effective in improving wettability of oils and have 
improved antifoaming ability. 

JP 2621662 B2 describes dye or developing agent dispersions for thermal 
recording paper containing propylene oxide (PO) derivatives of an acetylenlc dio! of the 
form 



where R1 and R2 are -CH3, -C2H5, ^C4H9; R3 and R4 are -(OC3H4)mOH, or -OH 
where m is an integer 1-10. 

JP 04071894 A describes coating solutions containing a dispersion Of a colorless 
electron donating dye precursor and a dispersion of developer. At least one of them 
contains at Eeast one type of wax having a melting point of at least 60 g C and at ieast 
one EO or PO derivative of an acetylenic dial of the formula 



where R1 and R4 each represent methyl, ethyl, propyl, or butyl and R2 and R3 are each 
-(OC2H5)nOH, or -(OC3H6)nOH (n is MO), or OH, mixed and dispersed. 

JP 2569377 B2 discloses a recording material containing dispersions of a 
substantially colorless electron donating dye precursor and a developer. When at least 
one of these dispersions is prepared, at least one of the compounds 
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CH 3 CH 9 
R5 R4 

whore R 3 and R* = methyl, ethyl, propyl or butyl; and R* and R 5 = -(OC^H^OH, - 
(OC 3 H fl } m OH (where m = an integer of 1-10) or -OH is added. 

JP 09150577 A discloses a heal sensitive recording medium which contains in 
the heat sensitive iayer a leuco dye and 0.1-1 .0 wt% of an ethoxylate or propoxylate of 
an acetylenlc glycol of the form 




where R 1 = methyl, ethyl, propyl or butyl; R 1 - hydrogen or methyl; and n and m - 1-10. 

JP 04091168 A discloses silica which has been surface treated with compounds 
of the form 

R i — |— = ri. — | — S=E — j— Ri 

where R1= 1-8C alkyl, A= 2-3C alkylene glycol residue, R1 and A in a molecule may be 
the same or different, x and y = each an integer of 0-25. 

JP 06279081 A describes a manufacturing process for a cement mortar-concrete 
nardening material to which 0.5-10 wt. % an acetylenic atcohoJ or dioi alkoxylate is 
added together with fluorine group surfactants and/or silicon group surfactants. The 
acetylenic material can be expressed by the formula 
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Ri— = 1— OCA0) n H 

R3 

where R1 = H or -C(R2)(R3)(O(A0)nH); R2 and R3 = 1-8C alkyl radicate, A = 2-3C 
alkylene radicals and n ■ 0-30. 

JP 03003187 A discloses the use of acetylenic glycol ethylene oxide and/or 
propylene oxide addition products in concentrated aqueoue fountain solution 
compositions for offset printing. In one example, the 8 to 12 mole ethylene oxide/1 to 2 
mole propylene oxide adduct of 3,5-dimethyh4-octyne-3,5-diot is used in a fountain 
solution. Other examples illustrate the us© of only ethylene oxide derivatives of 
acetylenic dtols. 

Although acetylenic dlot derivatives containing both ethylene oxide (EO) and 
propylene oxide (PO) have been taught as a general class of materials, usually as 
potential extensions of work which had been performed with ethylene oxide derivatives, 
no actual examples of an acetylenic drol EO/PO derivative based upon 2,4,7,9- 
tetramethyl~5-decyne-4,7-diol or 2,5,8,1 l-tetramethyl-6-dodecyne-5,8-diol have been 
prepared and evaluated, There are no disclosures of any process that could be used to 
prepare materials of this type. 

The use of surfactants in photoresist developer compositions has been known for 
at least two decades. 

US 4,374,920 discloses using a non-ionic surfactant in an aqueous alkaline 
developer composition for positive-working lithographic printing plates and photoresists. 
The surfactant was tetramethyl decynediol or ethoxylated tetramethyl decynediol. The 
specific surfactants were SURFYNOL© 44Q, 465 and 48a surfactants of Air Producis 
and Chemicals, Inc. 
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US 4,833,067 discloses aqueous developing solutions for posrtive-worklng 
photoresist compositions containing an organic basic compound free from metallic ions, 
such as tetramethylammonium hydroxide and choline, as the main ingredient and 50 to 
5000 ppm of an acetylenic alcohol. These aqueous developing solutions are said to 
have increased surface wetting and decreased foaming. 

US 5,069,996 discloses photoresist developer compositions containing TMAhV 
novolak resin, an ethoxylated letramethyldecynediol surfactant, a defoamerand water, 

US 5,756,267 discloses developing solutions useful in the manufacture of NqukJ 
crystal displays. These solutions contain water, a quaternary ammonium base such as 
TMAH, a quaternary ammonium salt surface active agent, an alkanolamine and an 
acetylenic alcohol based surface active agent which is the same as those disclosed by 
the '067 patent. 

US 5,922,522 discloses developing solutions for photoresists containing an anti- 
scum agent which is a mixture of an ethoxylate surfactant and a propoxate surfactant, 
Afthough no example of such a compound is given, it is said that the ethylene oxide units 
and the propylene oxide units can be incorporated in a chain in the same mofecule. 
These surfactants are said to be preferably anionic and have a hydrophobic end on the 
molecule formed from alcohols such as nonylphenol, octylphenoi, and tristyrylphenol. 

JP 10-319606 discloses a photoresist developer containing water, alkaline 
substance, and a block copolymer having the formula HO-A-B-A-H wherein A and B are 
a polyethylene oxide group or a polypropylene oxide group, the molecule containing both 
groups. These biock copolymers, however, are very susceptible to forming micelles 
which can cause surface defects in microelectronic applications. 
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In spite of ad the advances in this field of semiconductor manufacture, the need 
continues to exist for new surfactants which can efficiently lower surface tension in a 
developer as it is applied to an exposed photoresist while minimizing foam production. 



SUMMARY OF THE INVENTION 
This invention provides alkoxylated acetylenic diols that act as surfactants for 
water baaed compositions of the following structure: 



where r and t are, preferably the same, 1 or 2, (n + m) is 1 to 30 and (p +■ q) is 1 to 30. 
The EO and PO units may be distributed along the alkylene oxide chain tn blocks of 50s 
and POs or randomly. : 

This invention also relates to processes for the manufacture of certain 
alkoxylated acetylenic diois. 

Another embodiment of the invention affords water-based compositions 
containing an organic or inorganic compound, particularly aqueous organic coating, ink, 
agricultural and electronics cleaning compositions, having reduced equilibrium and 
dynamic surface tension by incorporation of an effective amount of an alkoxylated 
acetylenic diol of the above structure. 

By "water-based", "aqueous" or "aqueous medium" we mean, for purposes of 
this invention, a solvent or liquid dispersing medium which comprises at least about 
90 wt%, preferably at least about 95 w{%, water. Obviously, an all water medium is also 
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included and is most preferred. Also for purposes of the present invention, the terms 
"photoresist developing" and "electronics cleaning" are interchangeable. 

It is desirable that an aqueous solution of the alkoxylated acetylenic diol 
demonstrates a dynamic surface tension of less than 35 dynes/cm at a concentration of 
<0_5 wt% in water at 23 °C and 1 bubble/second according to the maximum-bubble 
pressure method. The rnaximurn-bubble-pressure method of measuring surface tension 
is described in Lsngmi//r1986 P 2, 428-432, which is incorporated by reference. 

Also provided is a method for lowering the equilibrium and dynamic surface 
tension of aqueous compositions by the incorporation of these alkoxylated acetylenic 
diol compounds. 

Also provided Is a method for applying a water-based Inorganic or organic 
compound-containing composition to a surface to partially or fully coat the surface with 
ths water-based composition, the composition containing an effective amount of an 
alkoxylated acetylenic diol compound of the above structure for reducing the dynamic 
surface tension of the water-based composition. 

There are significant advantages associated with the use of these alkoxylated 
acetylenic diols in water-based organic coatings, inks, fountain solutions for gravure 
printing processes, agricultural and electronics cleaning compositions and these 
advantages include: 

• an ability to formulate water-borne compositions which may be applied to 
a variety of substrates with excellent wetting of substrate surfaces 
including contaminated and low energy surfaces; 

• an ability to provide a reduction in coating or printing defects such as 
orange peel and flow/leveling deficiencies; 
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> an ability to produce water-borne coatings, fountain solutions and inks 
which have low volatile organic content, thus making these aikoxylated 
acetylenic dsol surfactants environmentally favorable; 

• an ability to formulate coating, fountain solution and ink compositions 
capable of high speed application; 

• an ability to control the foaming characteristics of the water-based 
compositions; 

• an abifity to formulate low surface tension aqueous electronics cleaning 
and processing solutions, including photoresist developer solutions, for 
the semiconductor manufacturing industry with good wetting and 
extremely low foam; and 

an ability to produce some members of the class using a chemical 
process similar to that used to produce acetylenic diol ethoxylates. 

Because of their excellent surfactant properties and the ability to control foam, 
these materials are likely to find use in many applications in which reduction in dynamic 
and equilibrium surface tension and low foam are important. Such uses include various 
wet-processing textile operations, such as dyeing of fibers, fiber souring, and kier boiling, 
where low-foaming properties would be particularly advantageous; they may also have 
applicability in soaps, water-based perfumes, shampoos, and various detergents where 
their marked ability to lower surface tension while simultaneously producing substantially 
no foam would be highly desirable. 

The use of these materials in photoresist developer formulations is of particular 
Importance because of their ability to provide all the advantages of surface tension 
lowering plus outstanding performance in reducing the formation of foam. 
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DETAILED DESCRIPTION OF THE INVENTION 
This invention relates to compounds of the formulas A and B. 



I! 




.OH 



OH 



A 



where (n + m) and (p + q) each can range from 1 to 30. It is preferred that [n + m) be 
1.3 to 15 and most preferably 1.3 to 10. It is preferred that (p + q) be 1 to 10, more 
preferred 1-3 and most preferred 2. In Formula A, rand fare 1 or 2, especially r= t, Le. 
the acetylenic diot portion of the molecule is 2,4,7 J 94etramethyl-5-decyne-4,7'diol or 
2,5^8,1 l-tetramethyl-e-dodecyne-^.S-diol 

The atkylene oxide moieties represented by (OC2H4) are the (n + m) 
polymerized ethylene oxide (EO) units and those represented by (OC3H5) are the [p + 
q) polymerized propylene oxide (PO) units. Products in which the EO and PO units are 
each segregated together are referred to as "block" alkoxylate derivatives. The products 
in which the EO and PO units are randomly distributed along the polymer chain are 
referred to as "random" alkoxylate derivatives, Random derivatives can be represented 
by formula B 
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II 



R 



B 

where R is hydrogen or methyl and {n+m) = 2-60 with the proviso that the compound 
contain at least one ethylene oxide and at least one propylene oxide unit; and r and t are 

1 or 2, especially r = f. 

The block compositions of structure A can be prepared by reaction of 2,4,7,9- 
tetramethyl-5-decyne-4J-diol or 2 1 5 ( 8 i n-tetrarnetriyl*dodegyne-5 i e-diQlwlth the 
requisite quantities of ethylene oxide followed by propylene oxide in the presence of a 
suitable catalyst, Suitable catalysts include trialkylamines and Lewis acids, particularly 
BF 3 . Alternatively, the compositions may be prepared by reaction of a pre-formed 
acetylenic diol ethoxylate with propylene oxide in the presence of an appropriate 
catalyst. In this case of a pre-formed acetylenic diol etbc-xylate, it may be possible to 
use KOH or other alkali catalysts to effect the reaction with propylene oxide, provided 
the amount of ethylene oxide which has been added is sufficient to cover essentially alt 
of the tertiary alcohol functionality. 

The preferred process for making the acetylenic diol alkoxylates uses BF 3 or 
trialkylamine catalysis. The use of BF 3 allows the rapid preparation of derivatives 
containing relatively large quantities of propylene oxide. However, compositions 
prepared with trialkylamine catalysis, especially trimethylamine, are preferred for several 
reasons. They can be prepared using a process very similar to that used for 
manufacture of acetylenic diol ethcxylates without significant byproduct chemistry. In 
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particular, trialkyiamine catalysts allow for the preparation of 2 mole propylene oxide 
capped derivatives in high selectivity using a highly efficient, one pot process. 

With respect to the processes for the preparation of acetylenic dial EO/PO 
adducts, trie tertiary acetylenic diol starting materials can be prepared in various known 
manners such as those described in US 2,250,445; US 2,106,190 and US 2,163,720, 
which are incorporated by reference. The acetylenic cfiol starting material may contain 
from 8 to 26 carbons. It is preferred that the acetylenic diol starting material contain 14 
to 16 carbons, and it is most particularly preferred that it be 2,4,7 ,9-tetramethyi-S- 
decyn««4,7-diol or 2,5,8 l 11-tetramethyk6-dodGcyne-5,8-diol. 

Various basic catalysts can be used to promote the reaction between the 
alkylene oxide and the acetylenic tertiary glycols in which the hydroxyl groups are 
attached to a carbon atom in a position alpha to the acetylenic bonds according to this 
invention. Tertiary aliphatic amines, namely trialkyiamines such as trimethylamine, 
triethylamine, tripropylamine, dimethylethyiamine, diethylmethylarnme and the like, are 
particularly advantageous catalysts far the reaction, Such tertiary aliphatic amines 
catalyze the addition reaction at a rapid rate at moderately low temperatures and 
pressures without inducing cleavage of the acetylenic glycol. Trirnethylamine is 
preferred because of its high catalytic activity and longevity in the reaction. 

As is known in the art, the use of strongfy basic catalysts such as sodium 
hydroxide, especially at high temperatures of about 150°C, induces cleavage of the 
acetylenic tertiary glycols and for this reason should be avoided, unless of course, 
sufficient ethylene oxide has been added to prevent substantial decomposition of tertiary 
acetylenic alcohol functionality. Once the tertiary hydroxyl groups of the acetylenic 
glycol have reacted with ethylene oxide, the resultant adduct exhibits the marked 
stability of an ether. So stable are the adducts that they can be heated with 
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concentrated base such as sodium hydroxide at etevated temperatures, while 
comparable treatment of the initial acetylenlc glycol is accompanied by extensive 
degradation. Consequently, strongly basic catalysts, such as the alkali metal 
hydroxides, can be used to increase the polyalkylene oxide chain length once the initial 
adducts have been formed and protected against decomposition. Jt Is anticipated that 
alkali metal hydroxides could aiso be used to promote the addition of propylene oxide to 
initial EO or PO adducts with sufficiently low quantities of residual tertiary acetylenlc 
alcohol functionality, 

The trlalkylamine-catalyzed addition reaction may be performed at either 
atmospheric {1 5 psig ; 1 bar) or moderate to low superatmospheric pressures (30-300 
psig; 2-20 bar). The use of moderate to low superatmospheric pressures is preferred 
since it obviates the necessity of recycling unreacted ethylene oxide and propylene 
oxide; and generally proceeds at faster rates than additions carried out at atmospheric 
pressures. The effect of pressure on rate is particularly important in the reaction with 
propylene oxide, and it is therefore preferred that reactions be performed at pressures in 
excess of 30 psig (2 bar), ft is particularly preferred that the process be carried out at a 
pressure greater than 60 psig (4 bar), Another benefit of performing the reaction under 
pressure is that such reactions may be accomplished with ordinary efficient agitation, 
while reactions conducted at atmospheric pressure often work best when a dispersion 
type agitator is used. While the reaction can be carried out at lower pressure, reaction 
rates, and therefore reactor productivity, suffer. Performing the reaction at pressures 
much in excess of about 300 psig (20 bar) would likely have only marginal benefit, and 
would increase the cost of equipment required for manufacture. It Is preferred to 
operate at 100 psig (6,7 bar). 
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The temperature at which the reaction is run fortrlalkylamine catalysed reactions 
will depend upon the particular system and the catalyst concentration, Generally, at 
higher catalyst concentrations, the reactions can be run at lower temperatures and 
pressures. Reaction temperatures should be high enough to permit the reaction to 
proceed at a reasonable rate, but low enough to prevent decomposition of the reagents 
and products. Temperatures in the range of 4Q-150°C are suitable, 50-120 g G preferred, 
and 70-90°C particularly preferred. 

In the trialkylarnine catalyzed process in which propylene oxide is added to an 
acetylenic diol EO adduct, the reaction stops at a PO end cap on each chain, i.e., the 
obtained product is an acetylenic dial EO/PO adduct containing two PO end caps, p and 
Q each being 1 in Formula A. When a mixture of EO and PO is added to an acetylenic 
diol or diol EO adduct, the trialkylarnine catalyzed process affords an adduct having 
random EO and PO units, in the latter case extending beyond the original EO block. 

To prepare the EO/PO adduets of the Invention, the acetylenic glycol is liquefied 
by melting and the catalyst is added with stirring. Ethylene oxfde and/or propylene cxlde 
are added as liquids with stirring and the reaction is concluded when the desired 
poiyalkylene oxide chain length is reached as determined by gel permeation 
chromatography (QPC), high performance liquid chromatography (HPIC), nuclear 
magnetic resonance (NMR), cloud point (ASTM D2024-65) or water titration of an 
isopropyl alcohol solution. No solvents are necessary during the reaction, but inert 
solvents such as aromatic hydrocarbons (benzene and toluene) and ethers (ethyl ether) 
may be used to facilitate handling. In some Instances if may be convenient to use a low 
mole ethoxylated acetylenic diol, since these products are liquids and are therefore easy 
to handle. 
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In reactions catalyzed by Lewis acids, the reaction conditions will be determined 
by the identity and concentration cf the catalyst. Examples of Lewis acid catalysts 
include BCI 3> AO a , TiCL BF 3t SnClj, ZnCI 2 and the like. The preferred Lewis acid 
catalyst is BF 3 . In BF 3 catalyzed reactions, temperature control during the initial stages 
of the reaction is critical, since too high a temperature will result in dehydration of the 
acetylenic diol. it is preferred that the temperature be maintained below 80°C, preferably 
below 6Q°C, and most preferably below 50°C. The reaction pressure can range from 
atmospheric to low to moderate superatmospheric pressure, i.e., from 1 5 to 300 psig (1 
to 20 bar). Because of the high activity of BF 3l good results can be obtained at more 
moderate pressures of about 1 bar than for those reactions performed using 
triaikylamine catalysts. 

In adding liquid aikylene oxide(s) to the acetylenic glycol and the catalyst, care 
should be taken to avoid the presence of an excess of aikylene oxide(s) in the reaction 
mixture since the reaction is very exothermic and could prove to be very hazardous. 
The danger Of an uncontrollable reaction can be avoided by adding the aikylene oxide<s) 
in a manner and at a rate such that the aikylene oxides) are reacted essentially as 
rapidly as they are introduced into the reaction mitfure. The formation of a flammable 
mixture in the headspace is best avoided by pressuring the reactor headspace to a 
sufficient pressure with an inert gas such as nitrogen such that the aikylene oxide(s) 
remains below its lower explosive limit (LEL). 

In the both the Lewis acid catalyzed and the trialkylamine catalyzed processes, 
the catalysts may be used at 0,001 to 10 wt% p preferably 0.01 to 5 wt% and most 
preferably 0.1 to 1 wt%, based on total final reactant mass. In both cases, because 
deactivation may occur during the slkoxylation, it may be necessary to add additionaf 
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catalyst to complete the reaction, particularly if large amounts of BO and PO are being 
added 

In the processes for making the randomly distributed EO/PO adducts, the EO 
and PO may be added to the reaction concurrently as separate charges or streams, or 
added as a single charge or stream comprising a mixture of EO and PO. In making 
block EO/PO adducts the EO and PO are added consecutively. 

The alKoxylated acetyienicdiols are useful forth* reduction of equilibrium and 
dynamic surface tension in water-based compositions containing an organic compound, 
particularly aqueous coating, ink, fountain solution, agricultural and electronics 
processing compositions containing organic compounds such as polymeric resins, 
macromoiecuJes, organic bases, herbicides, fungicides, insecticides or plant growth 
modifying agents. It is desirable that an aqueous solution of the alkoxylated acetylenio 
diol demonstrates a dynamic surface tension of less than 35 dynes/cm at a 
concentration of <s0.5 wt% in water at 23*C and 1 bubble/second according to the 
maximum-bubble-pressure method. The maximum-bubble-pressure method of 
measuring surface tension is described in Langmuir 1 986, 2, 428-432, which is 
incorporated by reference. 

In one aspect of the invention certain alkoxylated acetylenic diols of the above 
formula display excellent ability to reduce equilibrium and dynamic surface tension while 
producing substantially no foam. This behavior is particularly advantageous En 
photoresist developer formulations. 

The alkoxylated acetylenic diols are suitable for use in an aqueous composition 
comprising in water an inorganic compound which is, for example, a mineral ore or a 
pigment or an organic compound which is a pigment, a polymerizable monomer, such as 
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addition, condensation and vinyl monomers, an oligomeric resin, a polymeric resin, a 
rnacromolecufe such as gum arabic or carboxymethyl cellulose, a detergent, a caustic 
cleaning agent, a dissolution agent such as tetramethylammonium hydroxide (TMAH), a 
herbicide, a fungicide, an insecticide, or a plant growth modifying agent. 

An arna unt of the alkoxyiated acetylenic diol compound that is effective to reduce 
the equilibrium and/or dynamic surface tension of the water-based, organic or inorganic 
compound-containing composition is added. Such effective amount may range from 
0 001 to 10 g/10D mL, preferably 0,01 to 1 g/100 mL, and most preferably 0.05 to 0.5 
g/1 00 mL of the aqueous composition. For water-based photoresist developer/- 
dectronics cleaning compositions effective amounts may range from 0.001 to 1 g/100 
rnL r preferably 0.002 to 0.8 g/100 mL, and most preferably 0.005 to 0.5 g/100 mL 
Naturally, the most effective amount will depend on the particular application and the 
solubility of the particular aikoxylated acetylenic diol. 

In the following water-based organic coating, ink. fountain sofution and 
agricultural compositions containing an alkoxylated acetylenic diol according to the 
invention, the other listed components of such compositions are those materials well 
known to the workers in the relevant art. 

A typical water-based protective or decorative organic coating composition to 
which the alkoxyiated acetylenic diol surfactants of the invention may be added would 
comprise the following components in an aqueous medium at 30 to 80 wt% ingredients; 
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Water-Based Organic Coating Composition 


0 to 50 wt% 


Pigment Dispersant/Grirrd Resin 


0 to 30 wt% 


Coloring Pigments/Extender Pigments^Anti-Corrosive 


5 to 99.9 wt% 


Water-Bome/Water-Diaperwble/Water-Soluble Resins 


0 to 30 wl% 


Slip Additives/Antimicrobials/Processing Aids/Defoamers 


0 to 50 wl% 


Coalescing or Other Solvents 


0.01 to 10wt% 


SurfactantA/Vetting Agent/Flow and Leveling Agents 


0.01 to5wt% 


Acetylenic Dloi EO/PO Derivative 



A typical water-based ink composition to which the alkylated acetylenic dial 
surfactants of the invention may be added would comprise the following components in 



an aqueous medium at 20 to 60 wt% ingredients: 



i Water-Based Ink Composition 


1 to 50 wt% 


Pigment 


0 to 50 wt% 


Pigment Dispereant/Grlnd Resin 


1 0 to 50 wt% 


Clay base in appropriate resin solution vehicle 


5 to 99.9wt°/o 


Water-Borne/Water-Dispersible/Water-Solubfe Resins 


0 to 30 wt% 


Coalescing Solvents 


0.01 to 10 wt% 


Surfactant/Wetting Agent 


0.01 io 10 wt% 


Processing Aids/Defoa mere/So I ubiliaing Agents 


0.01 to 5 wt% 


Acetylenic Diol EO/PO Derivative 



A typical water-based agricultural composition to which the alkoxylated acetylenic 
diol surfactants of the invention may be added wouid comprise the following components 
in an aqueous medfum at 0.1 to SO wt% Ingredients: 
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Water-Based Agricultural Composition 


0.1 to 50 wt% 


Insecticide, Herbicide or Plant Growth Modifying Agent 


\J,Ql 10 1U Wt /o 


Surfactant 


0 tO 5 Wt% 


Dyes 


0 to 20 Wt% 


Thickeners/Stabilizers/Co-surfactants/Gel 
Inhrbitors/Defoamers 


0 to 25 wt% 


Antifreeze 


0.01 to 50 wt% 


Acetylenic Diol EO/PO Derivative 



A typicaf fountain solution composition for planographic printing to which the 
alkoxylated acetylenic dial surfactants of the invention may be added would comprise 



the following components in an aqueous medium at 30 to 70 wt% ingredients; 



Fountain Solution for Planographic Printing 


0.05 to 30 wt% 


Film formable, water solubfe macronrioJecule 


1 lo 75wt% 


Alcohol, glycol, orpolyolwith 2-12 carbon atoms, water 
soluble or can be made to be water soluble 


0.01 to 60 wt% 


Water soluble organic acid, inorganic acid, or a salt of 
thereof 


0.01 to 50 wt% 


Acetylenic Diol EO/PO Derivative 



OLher compositions in which use of the acetylenic diol EO/PO adduct as a 
surfactant is particularly advantageous are the developers for photoresists that are 
employed in the semiconductor industry. Such developers and their use are well known 
in the art and do not need to be described in detail. In fact, as pointed out in the 
background section of this disclosure, the use of ethoxyfated acetylenic diol adducts in 
such formulations is known and wed documented. The improvement provided by this 
invention, which could not have been foreseen, involves the use in these developer 
formulations of certain acetylenic diol adducts which aJso contain propoxy groups. 

A typical water-based photoresist developer, or electronic cleaning, composition 
to which the alkoxylated acetylenic diol surfactants of I he invention may be added would 
comprise an aqueous medium containing the following components: 



28 



-49- 



Water-Based Photoresist Developer Composition 


0.1 to 3 wt% 


Tetramethylammonfum Hydroxide 


0 to 4 wt% 


Phenolic Compound 


10 to 10,000 ppm 


Acetylenic Dlol EO/PO Derivative 



Briefly, the process for manufacture of integrated circuits involves the application 
of a film of photoresist composition to a suitable substrate, such as a silicon wafer, which 
is then exposed to actinic radiation in a designed pattern that ts imposed upon the 
photoresist film. Depending upon whether the photoresist is positive or negative- 
working, the radiation either increases or decreases its solubility in a subsequently 
applied developer solution. Consequently, in a positive-working photoresist the areas 
masked from the radiation remain after development while the exposed areas are 
dissolved away, in the negative-worKing photoresist the opposite occurs. The 
surfactant of this invention can be used in developers for either type of photoresist. The 
character of the developer is very important in determining the quality offhe circuits 
formed and precise control of developing is essential, To achieve better surface wetting 
by the developer is has been common to add surfactant to the formulation in order to 
reduce surface tension of the solution. This addition, however, can cause the developer 
to foam which leads to circuit defects. This foaming problem is also recognized in the 
art and considerable attention in the industry has been directed toward its solution. 

The developer, or electronics cleaning, solutions in which use of the adduct of 
the invention is preferred are the aqueous solutions of tetramethylammoniurn hydroxide 
(TMAH). These developers are also well known in the art. Commercial devetopers 
usually contain low levels of surfactant on the order of 50 to 1000 ppm by weight, 
Surfactant level should not exceed that required to achieve the desired surface tension 
of the solution. For example, surface tensions of about 40 1o 45 dynes/cm would be 



29 



-50- 



appropriate for novolac-based photoresist resins. Advanced resins that often 
incorporate aliphatic groups might require a developer with lower surface tension to 
enhance wetting. One of the advantages of the surfactants of this invention is that 
suitable surface tensions can be obtained at lower levels than is required by other 
wetting agents. This in Itself is a step toward solving the foaming problem in the 
manufacture of microcircuitry, 

Example 1 

This example illustrates that two mole propoxyiates of acetylenic diol ethoxylates 
can be prepared with high selectivity when using triatkylamine catalysts. In this 
example, the preparation of the 7 mole propoxylate of Surfynol® 465 surfactant, which is 
the 10 mole ethoxylate of 2 1 4 I 7 l 9-tetramethyl-4-decyne-4,7-dio[ l was attempted, 

A 1000 mL autoclave was charged with Surfynol® 465 surfactant (300 g, 0.45 
moles) and dimethylethylamine (53.7 g, 0.73 moles). The reactor was sealed, purged 
free of air with three nitrogen pressure-vent cycles, then pressured to 100 psig (67 bar) 
with nitrogen and heated to 12D°C. Propylene oxide (1S3'g, 3.15 moles) was added 
over a period of 70 minutes by means of a syringe pump. At the completion of the 
addition, the reaction mixture was heated for an additional 12 hr at 120°C. The reactor 
contents were cooled and discharged. The product was heated under vacuum to 
remove volatites (unreacted PO and catalyst); 68 g of material were removed. 

Matrix assisted laser desorption/ionization mass spectrometry (MALD/I) 
indicated that almost all the individual oligomers in the product possessed one or two 
propylene oxide residues with only very small amounts of product containing three or 
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more PO units. The fate of a substantial amount of the propylene oxide appeared to be 
formation of dimethyfamino-terminated polypropyleneoxide, 

These results are consistent with relatively facile reaction of primary hydroxy! 
with propylene oxide, but only very sluggish reaction of propylene oxide terminated 
chains. It appears that after EO-terminated chains react with one propylene oxide, chain 
growth essentiafly stops. Since there are approximately two EO chains for each starting 
acetylenic dtol, high selectivity to the two-mole propoxylate results. In this environment, 
decomposition of the catalyst to form dimethylamino-terrnlnatect polypropylene oxide is 
the predominant reaction. 

It would not be anticipated based on the teachings of JP 2636954 B2 that 
trialkylamine catalysts would have any efficacy for promoting the reaction of propylene 
oxide. It would also not be anticipated that high selectivity to the two mole propoxylates 
of an acetylenic dioi could be achieved. 

Examples 2-5 

Example 3 illustrates the preparation of" the 3,5 mole ethoxylate of 2,4, 7,9- 
tetfarnethyl-5-decyrje-4,7-ciiol capped with 2 moles of propyfene oxide using 
Irimethylamine catalyst and a preformed ethoxylate. The 3.5 mole ethoxylate of 2,4J,9- 
tetramethy1-5-decyne-4,7-diol is commercially available from Air Products and 
Chemicals, Inc. and is marketed as Surfynol© 440 surfactant. 

A 1 000 mL autoclave was charged with Surfynoi® 440 surfactant (400 g, 1 ,05 
moles) which had previously been dried by heating under nitrogen, The reactor was 
sealed and pressure checked, the air was removed with three nitrogen pressure-vent 
cycles, and trimethylamtne (2.79, 0.5 wt% of final reaction mass) was added by means 
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of a gas tight syringe. The reactor was pressured to 100 p&ig (6.7 bar) with nitrogen and 
heated to 1 00°C whereupon propylene oxide (122 g, 147 mL, 2.10 moles) was added at 
a rate of 1 .0 mL/min by means of a syringe pump. At the completion of the addition, the 
reactor contents were stirred at 100°C for 14.5 hours. The reactor was cooled and the 
contents were discharged into a round bottomed flask and heated under vacuum (0.25 
torr) at ambient temperature (ca. 23°C) for 16 hours to remove the trimethylamine 
catalyst. The product was characterized by nuclear magnetic resonance (IMMR) 
spectrometry. The data are summarized in Table 1 which shows acetyfenic diol 
compositions prepared using trimethylamine catalysis. 

Other ethylene oxide/propyfene oxide derivatives of 2,4,7.9-tetramethyl-5- 
decyne-4,7-diol (Examples 2, 4 and 5) were prepared in a similar manner. The 
compositions are also summarized in Table 1. 

Since JP 2S36954 B2 states that amines are inactive for the addition of 
propylene oxide, it would not be anticipated thattrimethyfarnlne would be an effective 
catalyst for the preparation of an EQ/PO derivative of 2,4J f 9-tetramethyl-5-decyne-47- 
diol. 



Table 1 





Theoretical 1 


Determined by NMR 


Example 


EO Moles 


PO Moles 


EO Moles 


PO Moles 


2 


1,3 


2,0 


1.5 


1.9 


3 


3,5 


2.0 


3.9 


1.8 


4 


5.1 


2.0 


5.9 


2.0 


5 


10.0 


2.0 


10,7 


2.0 



Examples 6-21 

These examples illustrate the preparation of ethylene oxide/propylene oxide 
derivatives of 2 l 4 l 7,9-tetramethyl-5-decyne-4,7-dfol (designated S104) and 2,5,8,11- 
tetramethy1^dodecyne~5 F 8-dio) (designated S124) using BF 3 catalyst. To our 
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knowledge a procedure for the preparation of ethylene oxide/propylene oxide derivatives 
of acetylenic diois using Lewis acids such as BF 3 has not previously been disclosed. 
The procedure is illustrated for the preparation of the 5 mole ethylene oxide, 2 mole 
propylene oxide adduct of Z^.Z.S-tetramethyl-S-decyne^.y-dW (SUM) in which the EO 
and PO units are randomly situated along the afkylene oxide chain. 

A 1000 mL autoclave was charged with the 1 ,3 mole ethylene oxide adduct of 
a^j^-tetramethyt-S'decyne^.T-diol (313 g, 1.1 moles; Surfynol 104 surfactant from Air 
Products and Chemicals, Inc.) which had previously been dried by heating under 
vacuum. The reactor was sealed and pressure checked, the air was removed with three 
nitrogen pressure-vent cycles. The reactor was pressured to 100 psig (6,7 bar) with 
nitrogen, and the contents were heated to 4D°C. BF a diethyl etherate (1.3 g) was added 
and ethylene oxide and propylene oxide were added simultaneously at rates of 91.05 
ml_/h and 6B.95 mL/h, respectively, by means of two syringe pumps. The total amount 
of ethylene oxide (180 g, 204 mL, 4.08 moles) and propylene oxide (128 g, 155 mL, 2.2 
moles) were such that the final mole ratio of diol:EO:PO was- 1:5:2. After the completion 
of the addition, an additional 07 g of BF 3 diethyl etherate was added, whereupon an 
exotherm to 45.5 C C was observed. At this point gas chromatographic analysis Indicated 
that the reaction was complete, The product (Example 0) was analyzed by NMR and 
MAID/I and found to have a structure consistent with the desired structure. 

Sixteen similar materials (Examples 7-22) were prepared by variation of the cfioi 
structure, the amounts of ethylene oxide and propylene oxide, and the structural motif of 
the alkylene oxide chain. Table 2 shows the scetylenic dioi compositions prepared using 
BFj catalysis, in Table 2, R designates "random," while B designates "block." 

The composition of Example 22 has been disclosed in JP 03063187 A (however, 
JP '187 does not teach a method for its preparation nor whether the adduct IS a block or 
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random copolymer), and has been shown to have efficacy in fountain solutions for 
lithographic printing. The S82 designation corresponds to 3,6-dimethyl-4-hexyne-3,6- 
dioi. 



Table 2 









Theoretical 


Determined by NMR 


Example 


Diol 


R/B 


EO Moles 


PO Moles 


EO Moles 


PO Moles 


6 


S104 


R 


5 


2 


6.5 


2,9 


7 


S104 


B 


5 


2 


5.5 


2.2 


3 


S1Q4 


R 


5 


10 


3,2 


11,5 


9 


S1G4 


B 


5 


10 


3.5 


11.1 


10 


S104 


R 


15 


2 


15.2 


2,2 


11 


S104 


B 


15 


2 


14,4 


2A 


12 


S1Q4 


R 


, 15 


10 


17.3 


8.6 


13 


S104 


B 


15 


10 


15.0 


9.7 


14 


S124 


R 


5 


2 


6.9 


3.2 


15 


S124 


B 


5 


2 


4.B 


2 2 


16 


S124 


R 


5 


10 ■ 


8.0 


7.6 


17 


S124 


B 


5 


10 


5.1 


10.0 


18 


5124 


R 


15 


2 


16.3 


1.9 


19 


S124 


S 


15 


2 


14.9 


2.1 


20 


$124 


R 


15 


10 


15.4 


9,3 


21 


S124 


B 


15 


10 


13.6 


8.1 


22 


S82 


B 


10 


2 


9.5 


1.9 



In the following Examples dynamic surface tension data were obtained for 
aqueous solutions of various compounds using the maximum bubble pressune method at 
bubble rates from 0.1 bubbles/second (b/s) to 20 fctfs. The maximum bubble pressure 
method of measuring surface tension is described in Langrmt//r1986, 2, 428-432. These 
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data provide information about the performance of a surfactant at conditions from near- 
equilibrium (0.1 b/s) through extremely high surface creation rales (20 b/s). in practical 
terms, high bubble rates correspond to nigh printing speeds in lithographic printing, high 
spray or roller velocities in coating applications, and rapfd application rates for 
agricultural products. 

Comparative Example 25 
Dynamic surface tension data were obtained for aqueous solutions of the 
composition of Example 22 (S82/10 EO/2PO/B) using the maximum bubble pressure 
technique. This material has been disclosed in JP 030631 87 A and is taught as a 
component in an aqueous fountain solution composition. The surface tensions were 
determined at bubble rates from 0.1 bubbles/second (b/s) to 20 b/s. The data are 
presented in Tabje 3. 

Table 3 



Dynamic Surface Tension (dyne/cm) - Example 22 



Concentration 












(wt%) 


0.1 b/s 


1 b/s 


Sb/s 


15 b/s 


20 b/s 


0.1 


39.1 


42.3 


46.5 


51,6 


53.0 


1.0 


34.4 


34.9 


35.5 


37.7 


38.5 


5.0 


33.8 


34.0 


34.7 


36.3 


36.4 



The data illustrate that this product rs reasonably effective at reducing the surface 
tension of water, although r&latively high concentrations are required to obtain 
reasonable performance. 
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Example 26 

Solutions in distilled water of 10 mole EO/2 mole PO block derivative of 2,4,7,9- 
tetramethyl-5-decyne-4,7'Cf o5 (Example 5) were prepared and their dynamic surface 
tension properties were measured using the procedure described above. The data are 
set forth in the Table 4. 

Table 4 



Dynamic Surface Tension (dyne/cm) - Example 5 



Concentration 














0.1 b/s 


) b/s 


6 b/s 


15-b/g 


. 20 b/s 


0,1 


40.5 


42.0 


44.3 


47,1 


48.1 


0.6 


32.4 


33.6 


35.1 


36,6 


37.2 


1.0 


29,8 


30.5 


32.1 


33.0 


33.7 



These data illustrate that the composition of this invention is markedly superior in 
its ability to reduce surface tension relative to Ihe composition of the prior art. 
Comparison of the data for the 1.0 wt% solution of the Example 5 surfactant with that of 
the 5.0 wt% solution of the S82 derivative (Example 22) shows that the compound of the 
Invention provides superior performance at all surface creation rates at 20% the use 
level. Since reduction of dynamic surface tension is of such importance in a dynamic 
application in which aqueous fountain solutions are utilised, it would not be anticipated 
based on the teachings of the prior art that modification of the hydrophobic group (the 
acetylenic die! rnolety) would have such an advantageous effect. 

Comparative Examples 27-31 
Solutions in distilled water of the 1.3, 3,5, 5.1, and 10 mole ethoxylates of 
2 j 4,7 l 9-tetramethy!-5-decyne-4 ( 7~diol were prepared. The 13, 3,5, and 10 mole 
ethoxylates are marketed by Air Products and Chemicals, Inc. as Surfynol® 420, 440, 
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and 465 surfactants, respectively. Their dynamic surface tensions were measured using 
the procedure described above, and these data were used to determine the quantities 
provided In Table 5. 

The pC^o value is defined as the negative logarithm of the molar concentration of 
surfactant required to decrease the surface tension of an aqueous solution to 52.1 
dyne/cm, that Is, 20 dyne/cm below that of pure water when the measurement Is 
performed at 0,1 b/s. This value is a measure of the efficiency of a surfactant, In 
general, an Increase In pC Z0 value of 1 ,0 indicates that 10 times less surfactant will be 
required to observe a given effect, 

The critical aggregation concentrations (solubility limit or critical micelle 
concentration) were determined by intersection of the linear portion of a surface tension / 
In concentration curve with the limiting surface tension as rs described in many 
textbooks. The limiting surface tensions at 0.1 and 20 bubbles/second (b/s) represent 
the lowest surface tensions in water which can be achieved at the given surface creation 
rate for a given surfactant regardless of the amount of surfactant used. These values 
give information about the relative ability to a surfactant to reduce surface defects under 
near-equilibrium condition (0,1 b/s) through very dynamic conditions (20 b/s). Lower 
surface tensions would allow the elimination of defects upon application of a formulation 
onto lower energy surfaces, 

The foaming properties of 0.1 wt% solutions of the prior art surfactants were 
examined using a procedure based upon ASTM □ 1173 - 53. In this test, a 0.1 wt% 
solution of the surfactant is added from an elevated foam pipette to a foam receiver 
containing the same solution. The foam height is measured at the completion of the 
addition ("Initial Foam Height") and the time required for the foam to djssipate is 
recorded ("Time to 0 Foam"). This test provides a comparison between the foaming 
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characteristics of various surfactant solutions. In general, in coatings, inks, and 
agricultural formulations, foam is undesirable because is complicates handling and can 
lead to coating and print defects, and to inefficient application of agricultural materials. 
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Table 5 



Struavre 


p^zo 


Sol 
Limit 


limiting y 


y{QA% solution) 


RM Foam 

initial (t to 0) 

— 


0,1 b/s 


20 b/s 


1 b/s 


6 b/s 


Example 27 
Surf/nol 104 


3.74 


0.1 


32,1 


40.3 


33,1 


36.4 


2.0 (3 s) 


Example 28 
Surf/nol 420 


3.84 


0,18 


28.8 


31.7 


32,8 


34.2 


0,5 (3 s) 


Example 29 

LA 

Surfynol 440 


3.90 


0.29 


26.9 


29.3 


34.3 


36.2 


14 (9 s) 


Example 30 
Surfynol 460 


3,95 


0.40 


26.9 


29.8 


■36,1 


38.3 


1.3(32 s) 


Example 31 

hp A i = Ann am eo 

! Surfynol 465 


3.79 


(0.59) 


29.0 


32.7 


42.5 


44.8 


1.5(0.6 
cm) 


Exampfe 32 
Surfynol 485 


3.43 


(2,91) 


357 


39.9 


51.5 


53.2 


1.5(0,6 
cm) 
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Examples 33-36 

Surface tension and foam data were obtained in a similar manner for the 
surfactants of Examples 1-4 based on 2 1 4 1 7 1 9-tetramethyl-5-decyne-47-dlol. The data 
are set forth in Table 6. 

Table 6 









limiting y 


V (0.1% solution) 


RM Foam 


Structure 




Limit 


0.1 b/s 


20 b/s 


1 b/s 


6 b/s 


Initial (t to 0) 


Example 33 
1 .3 EO/2 PO 
(Example 2) 


3.51 


0.07 


31.6 


40.6 


33.4 


40.6 


1.6 {3 s) 


Example 34 
3.5 EOJ2 PO 
(Example 3) 


4,07 


0.21 


29.3 


31 4 


33.6 


36.6 


1.0 (10 s) 


Example 35 
5.1 EO/2 PO 
(Example 4) 


4.13 


0.32 


27.3 




35.3 


37.6 


0.3 (6 s) 


Example 38 
10 EO/2 PO 
(Example 5) 


4.05 


(0.73) 


29.a 


I 337 


42.0 


44.3 


2.1 (1.3) 



The data in Table 6 illustrate that propoxylaticn with 2 moles of propylene oxide 
in the presence of trimethylarnine resulted in surfactants wHh higher efficiencies than 
their unpropaxylated counterparts. This effect Is reflected in both the pC 20 values, which 
increase by about 0.2 units, and the surface tension results for 0.1 wt% solutions at 
1 b/s r which decrease by about a dyne/cm. in addition, the foaming characteristics of 
the surfactants change significantly as a result of modification with propylene oxide. 
This change can be either in the direction of greater foam (e.g. for the 10 and 30 mole 
etrioxylales) or to lesser foam ( for the 5. 1 mole ethoxylate). The ability to control foam 
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is advantageous in many applications, including coatings, inks, adhesives, fountain 
solutions, agricultural formulations, soaps and detergents. 

Examples 37-52 

Solutions in distilled water of the materials of Examples 37-52 were prepared and 
their surface tension and foam performance were evaluated as In the example above. 
The results are set forth in the Table 7. 



41 



Table 7 



Structure 






limiting y* 


7 (0.1% solution)' 


RM Foam* 




0.1 b/s 


20 b/s 


1 b/s 


6 b/s 


initial (t to 0) 


Example 37 
104/5/2/R 


4.16 


0.10 


28,6 


31,2 


30.0 


37.1 


11 (5 s) 


Example 38 
104/5/2/8 
(txamp/e /j 


4,15 


0.11 


27.9 


33.1 


33.6 


38,4 


1.9 (4S) 


Example 39 
104/5/1 0/R 


4.50 


0.04 


31,2 


35,0 


33.7 


39.9 


0.5 (1 s) 


Example 40 
1 04/5/1 0/B 

{IZXSWpiU 


4.5S 


0.08 


31.0 


34.1 


37.2 


40.b 


0,5 (10 s) 


Example 41 
104/15/2/R 


4.20 


0.07 


28.3 


30.7 


36.0 


43.8 


4.5 (11 cm) 


Example 42 
104/15/2/B 
(Example 11) 


5.04 


0.18 


27,6 


31.7 


36.8 


42,9 


5.3 (0.5 cm) 


Example 43 
104/1 5/1 0/R 

(bX3tmpl9 IZ) 


4.42 




0.05 


28.8 


30.9 


33.8 


44.5 


2.8 (0.7 cm) 


Example 44 
1 04/15/1 Q/B 
\cxampi9 7-3,/ 


4.35 


0.05 


28,3 


34.4 


35.5 


45.6 


4.0 (0.4 cm) 


Example 45 
124/5/2/R 
{Example 14) 


4.39 


0.03 


26.5 


30.8 


28.2 


33,5 


2.4 (0.2 Cm) 


Example 46 
124/5/2/B 
(hxampie io) 


4.42 


0.04 


26.S 


297 


23.5 


32,5 


3.0 (0.3 cm) 


Example 47 
124/5/1 0/R 
( tzXafnpie t OJ 


4.57 


0.02 


30,3 


36,7 


318 


40.8 


18 (0.3 cm) 


Example 48 
124/5/1 0/B 


4.56 


0.02 


31.3 


36.2 


33.4 


40.3 


14{12S) 


Example 49 
124/15/2/R 
(Example 18) 


4.36 


0.06 


27,9 


32.2 


30.5 


40.8 


2.B (1.3 cm) 


Example 50 
124/15/2/B 
(Example 19) 


4,16 


0.02 


27.9 


35.6 


31.1 


42,5 


2.5 {1.2 cm) 


Example 51 
124/1 5/1 0/R 


4.58 


0,06 


29.1 


32.3 


32.8 


43.2 


2.0 (10 cm) 
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Structure 


pC 30 


CAG C 


limiting y a 


y (0,1% solution) - 


RM Foam* 
initial (t to 0) 


0,1 b/s 


20 b/s 


1 b/s 


6 b/s 


(Example 20) 
















Example 52 
124/1 5/1 G/B 
(Example 21) 


4.55 


0.05 


28.0 


33.3 


337 


41.4 


4.8 (1.0 cm) 



a dyne/cm- 

£ ROss-Mlles foam: cm (time to 0 fuam in seconds or cm after 5 minutes) 
c Critical aggregation concentration (wt%), 



These data illustrate variation of tine acelylenrc dio! structure, the EO and PO 
content, and the structural motif of these surfactants allows tailoring of the surfactant 
properties to a specific application. Surfactants with very low foam (Examples 39 and 
40) or relatively high foam (Examples 41 and 42) can be produced. In addition, most cf 
these materials exhibit excellent dynamic surface tension performance, as shown by 
their limiting surface tension values at 20 b/s. The combination of properties will be of 
value in many applications, including coatings, inks, adhesives, fountain solutions, 
agricultural formulations, soaps and detergents. 

Example 53 

2,4,7,9-Tetramethyl-5-decyne-4 l 7-dioJ was ethoxylated to produce the 5 .1 mole 
ethoxyfate using trimethylamme cataiyst and a procedure similar to that of Examples 2- 
5. A small sample was withdrawn, and sufficient propylene oxide was added to produce 
the 0.4 mole propoxylate. Again a sample was withdrawn. Similarly, more propylene 
oxide was added to produce the 0.9 and 1 .4 mole propylene oxide adducts. In a 
separate run, the 2.0 mole propoxylate of the 5.1 mole.ethoxylate was prepared. 

Surface tension and foam data were obtained for the propoxylates of 5.1 mole 
ethoxylate of 2 p 4,7 1 9-tetramethyl-5-decyne-4 1 7-dicl as described above. The data are 
set forth in the Table 8. 
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Table B 



moles PO 


y (0.1 wt% solution)* 


RM Foam* 

initial (t to 0) 


0.1 b/& 


1 b/e 


6b/s 


15 b/s 


20 b/s 


0 


35.1 


35,2 


38.1 


42.0 


44.4 


1.6 (0.7 cm) , 


0.4 


34.8 


35.8 


37,9 


42.0 


44.4 


*\A (0.3 cm) 


0,9 


34.9 


35,9 


38.2 


42.7 


I 453 


1.4 (27 s) 


1.4 


34.6 


35.9 


38.3 


42.0 


44.5 


1.2(21 s) 


2,0 


34.0 


1 35.3 


37.6 


41.5 


43.3 


o.6 <e s) 



* dyne/cm 

"Initial foam heights in cm (foam height after 5 min, or time to 0 foam). 



The data in Table 6 show that while propoxylation has little impact on the surface 
tension performance of the 5.1 mole ethoxylats of Z^/^-tetramethyl-S-decyne^J-diol, 
it has a significant positive impact on foam control, with greater control observed with 
higher degrees of propoxylation. Such an effect has no! previously been observed with 
alkoxytsted derivatives of acetylenic diole. The ability to control foam is of crucial 
importance fn the application of many waterborne formulations, because foam generally 
leads to defects. 

Example 54 

(a) A commercial photoresist based on a novolac-type cresol/formaldehyde resin 
and a dfa2:onaphthoquinone (DNQ) photosensitive agent (SPR510A, Shipley) was 
coated on a 4 inch silicon wafer to a thickness of approximately 1 micron following the 
manufacturer's instructions. Different areas of the resist were then exposed to UV 
radiation centered at 365 nm {mercury i-llns) at various levels of intensity by positioning 
the wafer under an aperture opening and operating a shutter. The resulting exposed 
wafer was developed (60 Seconds) in a puddle of 0.262 M tetramethytamnionium 
hydroxide (TMAH) containing sufficient PO terminated acetylenic alcohol derivative 
(Example 4 adduct) to lower the surface tension of the developer to 42 dynes/cm. The 
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wafer was developed (60 Seconds) in a puddle of 0.262 M tetramethylarnmonium 
hydroxide (TMAH) containing sufficient PO terminated acetylenic alcohol derivative 
(Example 4 adduct) to lower the surface tension of the developer to 42 dynes/cm. The 
various portions of the wafer were then examined for film thickness using a Filmetrics 
F20 Thin-Film Measuring System (San Diego, CA) and the results were compared to the 
film thicknesses before exposure and developing. The Normalized Film Thickness is a 
dimensionless ratio and was calculated by dividing the pre-exposure film thickness by 
the post-devefopment film thickness. The results are shown in Table 9, Example 54(a) 

(b) Similarly, the photoresist was exposed through a variable transmission filter 
(obtained from Opto-Line Associates, Wilmington MA) which consisted of a circular area 
on a quartz plate broken up into wedges of varying transmission levels. The results are 
shown In Table 9 t Example 54(b). These data show outstanding selectivity of the 
developer solution for dissolution of the highly exposed resist vs. mildly exposed resist. 

(c) Another commercially available photoresist (OCG:325 20 cS, Olin 
Corporation) was used to coat a 4 inch silicon wafer with a, film thickness of 
approximately 1 micron. This resist is designed to be much more soluble in developer 
solutions and was used with 0.131 M TMAhi Table 9, Example 54(c) shows data for the 
dissolution of exposed resist with 0,131 M TMAH containing 0.00625 wt% (52.5 ppm) of 
the adduct of Example 4. Again, a development time of 60 seconds was used. The 
data show outstanding selectivity, even with the highly sensitive photoresist formulation. 
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Table 9 



Example 54(a) 


Example 54(b) 


Example 54(c) 


Dose 


Normalized 

Film 
Thickness 


Dose 

f"rnJ/om2} 


Normalized 

Film 
Thickness 


Dose 
/mJ/cm2^ 


Normalized 

Film 
Thickness 


19.42 


0.98 


2.66 


0.998 


0.91 


0.992 


24.28 


0.96 


2,81 


0.997 


0,86 


0.993 


' 30.35 


0.83 


3.26 


□.996 


0.99 


0.99Q 


36.65 


0.61 


9.99 


0.994 


3.05 


0.983 


43.56 


0.40 


11.92 


0.994 


3.64 


0.979 


6070 


0.20 


MAI 


0.968 


5.34 


0.962 


95.91 


O.OO 


25.39 


0.972 


7.75 


0.933 I 


121.40 


0.00 


3S.26 


0.707 


11.1 


0854 


152,96 


O.OO 


52.92 


0.204 


16.2 


0.697 


191.81 


O.OO 


SS.39 


0,096 


20.3 


0.561 


242.80 


0.00 


92.44 


0,001 


28.2 


0,345 


304.71 


0.00 


117.9 


O.Q00 • 


. 36.0 


0.196 






152.83 


0.000 


467 


0.025 






196.71 


0.000 


60,1 


0.000 






221.8 


0.000 


67.8 


0.000 



Example 55 

Comparisons were made of the effectiveness of the Example 4 adduct with 
ethoxylafed adducte of the prior art in reducing surface tension in 0,262 W TMAH 
solutions, As can be seen from the data of Table 10, significantly higher amounts of the 
prior art ethoxylated adducts were required to obtain surface tensions comparable to the 
adduct of Example 4 which was botn ethoxylated and propoxylated, containing 5.1 
moles of EO and 2.0 moles of PO per molecule, The prior art adducts were those 
described in Table 5 for Comparative Examples 29, 30 and 31 contained 3.5. 5.1 and 1C 
moles, respectively, of EO per molecule, 
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Table 10 



Wetting Agent 


Cone (ppm) 


Surface Tension 
(dyneJcm) 


Ex 29 (EO 3,5 mo!) 


150 


41.9 


Ex 30 (£0 5.1 mot) 


150 


42.7 


Ex 31 (EO 10 mol) 


500 


413 


Ex 4 (5.1 EO, 2.0 PO) 


125 


41.9 



Example 56 

Foam tests were made in TMAH developer solutions formulated with the EO/PO 
adduct of Example 4 and the EO adduct of Example 31 as surfactants and wrth six 
commercial developer solutions containing surfactants. Data were collected utilizing a 
foam generating apparatus whereby nitrogen gas was passed through a frit and bubbled 
through 100 mL of the solutions at 50 rnL/min. Except forth© commercial developer 
solutions which were used as received, all solutions contained 2.4 wt% TMAH in water 
with enough surfactant to lower surface tension to 41-43 dyne/cm. The results are given 
in Table 11. 
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Table 11 



Foarn Volume (mL) 


Time 
(mln) 


Ex 4 


Ex. 31 


OCG 


MF- 

f U4 


MF- 

0 l 0 


10R5 C 


17R2 C 


L31 c 


0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


1 


7.8 


7,5 


15.6 


39.5 


51.1 


20.5 


15.4 


20.2 


2 


7.2 


7,5 


17,2 


72.6 


91.4 


21.1 


16,2 


20.5 


3 


7.1 


7.5 


24.2 


107.4 


135.3 


22.6 


16.7 


21.4 


4 


7.2 


7.5 


22.9 


156.4 


176.8 


21.7 


16.9 


21.1 


5 


7.2 


7.5 


22.3 


172.8 


237.8 


22.3 


16,5 


21.4 




7.3 


7.5 


22.0 


236.2 


275.1 


22.6 


16.9 


22.3 


7 


7.1 


7.5 


25,8 


287.0 


321.3 


22.6 


16.9 


21.7 


8 


7.1 


7,5 


25.8 


307.6 


372,0 


22.0 


17.4 


22.0 


9 


7.1 


7.5 


25.5 


326,9 


416.7 


22.9 


17.2 


22.0 


10 


7.5 


7.5 


26.2 


3013 


460.8 


22.6 


17,4 


22,3 


11 


7.7 


7,5 


26,5 


340.2 


502.0 


22,3 


17,6 


22.6 


12 


7.9 


7.5 


263 


404.8 


544.9 


22.0 


174 


223 


13 


7,8 


7.5 


26,9 


438.8 


594.7 


22.6 


17.6 


22.6 


14 


7.9 


7.5 


26 9 


488.6 


647.5 


22_0 


176 


22.3 


15 


7.8 


7.5 


27,3 


514.9 


681.1 


' 22.3 


18.1 


22.6 



* Commercial developer solution from Olln (now Arch Chemical) 

b Commercial developer marketed under MicropostsU trademark by Shipley 

D Commercial surfactant marketed under Pluronio* trademark by BASF 

The above data show that TMAH developer solutions containing the EO/PQ 

adduct surfactant of Example 4 developed considerably less foam than the commercial 

developer solutions containing other types of surfactant. Although the foam volumes for 

the developer solution containing the Example 31 EO adduct were dose to those for the 

developer containing the EO/PO adduct of Example 4, the data of Table 10 show that 

considerably less EO/PO adduct surfactant was required to achieve comparable 

reduction in surface tension. 
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Example 57 

Further runs were made to examine foaming tendencies of photoresist 
developers containing the surfactants of Example 4, 29 and 30. These measurements 
were made using the Ross-Miles technique and were determined in 0.262 N TMAH 
solutions. The results are given in Table 12, 

Table 12 



Wetting Agent 


Cone (ppm) 


RM Foern, initial 
(t to 0) 


Ex 29-3.5 EO adduct 


150 


1.7cm (15s) 


Ex 30 -5,1 EO adduct 


150 


2.7 cm (27 s) 


EX4-EO/PO adduct 


125 


1.5 cm (6 s) 



The above data in Table 1 2 show mat low foam Is achieved with the ethoxylated- 
propoxylated adduct. It is quite surprising that partial propoxylation of acetylenic 
alcohols which are also ethoxylated increases the ability of these adducts to reduce both 
surface tension and foaming tendency In TMAH developer solutions while maintaining 
good contrast for photoresist developing applications. These goals are achieved while 
lowering the level of acetylentc alcohol derivative required for a desired surface tension 
reduction. 

In sum, the ability of a surfactant to reduce surface tension under both 
equilibrium and dynamic conditions is of great importance in the performance of 
waterbased coatings, inks, adhestves, fountain solutions, agricultural compositions, and 
photoresist developers. Low dynamic surface tension results in enhanced wetting and 
spreading under the dynamic conditions of application, resulting in more efficient use of 
the compositions and fewer defects, Foam control is also an important attribute in many 
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applications, but particularly so in photoresist devetoper, or electronics cleaning 
compositions. 

The family of surfactants disclosed in this invention provides an ability to control 
foam while providing excellent dynamic surface tension reduction. They will therefore 
have utility in applications such as coatings, inks, adhesive*, fountain solutions, 
agricultural compositions, soaps and detergents. Their use tn photoresist developer/* 
electronics cleaning compositions is especially advantageous. 

STATEMENT OF INDUSTRIAL APPLICATION 
The invention provides compositions suitable for reducing the equilibrium and 
dynamic surface tension in water-based coating, ink, fountain solution, agricultural, and 
photoresist developer/electronics cleaning compositions. 
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1 , Abstract 



ABSTRACT OF THE DISCLOSURE 



This invention provides water-based compositions, particularly coating, ink, 
fountain solution and agricultural compositions, manifesting reduced equilibrium and 
dynamic surface tension by the incorporation of a surface tension reducing amount of an 
acetylenic did ethylene oxide/propylene oxide adduct of the structure 



where r and t are 1 or 2, {n + m) js 1 to 30 and (p + q) is t to 30. Use of such adducts 
as surfactants in photoresist developer/electronics cleaning compositions is particularly 
advantageous. 

Also disclosed is a method for making random and block EO/PO adducts of 
acetylenrc diols by reacting an acetylenic dot with EO and/or PO In the presence of a 
triaikylamin* or Lewis add. 




2 . Representative Drawing 
None 



